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Introduction

This Appendix discusses the construction of the Wild Horse Ridge conveyor belt access roads

and the Blind Canyon Seam (Bear Canyon No. 3 Mine) portal pad. Cut and Fill volumes have

been determined for the roads and pad and are summarized in Table 5J-1. Also included is an

operational slope stability analysis and a reclaimed slope stability analysis. Pre-mining,

Operational and Post-mining cross-sections are detailed in Attachment B of this Appendix.

Construction Description

Construction will begin with the Lower Conveyor Access Road and the topsoil storage area.

Drainage control structures will be established prior to any work beginning. This will include the

stream bypass culvert and Catch Basin "1". Initially, the topsoil storage areawill be cleared of any

trees and graded to generate a stable base for the pile. Starting at the bottom of the road, shown on

Plate 5-21:, topsoil will be removed from all areas where fill is to be placed, and will be stockpiled.

Topsoil will be removed from the projected cut areas (Attachment B, segments B and C, Dames &

Moore Report, pp. 3-4) and placed in the stockpile. Then material will be removed from the road

cut (Segment A) and compacted onto the lower fill areas of the road (Segments B and C). As the

cut progresses up the road, topsoil will be removed prior to the road cut being made and placed in

the storage pile. Cuts will be made using the sequence shown in Figures 5G- | and 5G-2, shown for

the constructed Tank Seam Access Road.
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Table 5J-1

Summary of Cut and Fill Volumes

During the initial road cuto care will be taken to prevent disturbed material from

migrating down slope in the following manner. The initial topsoil removal will be made using a

backhoe. Trees and/or shrubs immediately ahead of the cut will be removed by pulling them

back into the previous cut. Using the backhoe, a berm will be created on the downhill side of the

cut, as shown in Figure 5-G l. When the berm is in place, the road cuts will be started as shown

in Figures 5-Gl and 5-G2 using a backhoe and/or front-end loader. The road cuts will be made

into the slope towards the cut face rather than parallel to the slope, which will result in any rocks

or sloughage dislodged by the equipment bucket during the road cutting to be contained within

the berm. In the event blasting is required, which is described in Appendix 5-E, the blasts will

be designed to drop the material into the cut area behind the berm. This will prevent material

generated by the blast from migrating down slope into the undisturbed area.

Area Cut Vol.
(Cu Yds)

Topsoil
(Cu Yds)

Fil l  Vol.
(Cu Yds)

Excess
(Cu Yds)

Avg haul
dist.

Lower Conveyor
Access Road

3,324 -l,669 1,336 319
filt

250 ft

Upper Conveyor
Access Road

4,933 -2,171 2,766 4
cut

160 ft

Blind Canyon Seam
Portal Pad

15,750 -4,860 10,556 5 l
cut

220 ft
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Cut slopes, fill slopes, and fill placement will follow the recommendations given in the

Slope Stability analysis and report, included on pages 5J-17 through 5J-47. Large boulders will

also be placed according to the report. Where possible, care will be taken to avoid disturbing

large trees of commercial value and any canyon sweetvetch plants located in the area (see

chapter 3).

Final crowning of the road and installation of permanent ditches will be completed

following the initial road contouring. The approximate proposed road contours are shown on

Plate 5-2F. The 319 excess yards of material from the cut will be used as fill across the Bear

Creek culverted crossing.

The Upper Conveyor Access Road, shown on Plate 5-2G, will be constructed using the

same method. Initially, Catch Basin "2" will be constructed. Topsoil will be hauled below to the

storage pile as it is recovered. Drainage crossings will be installed in the ephemeral stream as

each crossing is reached so undisturbed and disturbed drainage will be continually segregated.

This will prevent sediment loading in the event a rainstorrn occurs during construction, and will

protect the catch basin from undisturbed drainage. A small riparian area exists adjacent to this

road. Care will be taken to prevent any material from migrating down slope from the road cut

into this riparian area. Construction of this road will require the removal of several large trees

having commercial value. Where possible, these trees will be harvested and sent to a sawmill to

provide valuable commercial use. The Division will be notified when any blasting will take

place above spring SBC-14, and when Culvert C-34U is to be installed above the spring, in time

to allow a Division hydrologist to make a field visit during the blasting
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Excess cut material from the two conveyor access roads will be used to construct the

Bear Creek culverted crossing, which will replace the bridge, which currently provides access

across the creek. During installation of this culvert, care will be taken to avoid excessive

material from impacting Bear Creek. This will be accomplished by placing the culvert in the

creek bed. Large rocks and debris will be removed from the creek channel to insure a firm, level

surface to place the culvert on. After all of the water has been channeled into the culvert, fill

material will be placed on each side of the culvert simultaneously using a track hoe. This will

prevent the culvert from shifting or moving during installation. Once the culvert has been filled

across, remaining fill will be placed to complete the construction of the road. All activities will

be completed in accordance with the approved Stream Alteration Permit, which will be obtained

from the State Division of Water Rights.

After the access roads are in place, construction will begin on the Blind Canyon Seam

Portal Pad. Temporary and perrnanent silt fences will be placed below the fill area prior to

equipment entering the proposed disturbed area. The silt fences will be placed so as to treat

runoff from all disturbed area not contained by a berm during construction. All temporary silt

fences will remain in place and be maintained until construction of the sediment pond is

completed and all runoff has been directed to the sediment pond.

Topsoil recovery will then begin along the access road approaching the pad. A pilot road

will be constructed through the fill area during topsoil recovery activities, providing access into

the drainage where the fill is to be placed. Topsoil will be hauled to the storage area shown on

o
Plate 5-2F.
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After topsoil recovery activities have been complete and all trees removed from the area,

the culven will be installed for the undisturbed drainage to pass the disturbed area. A dozer will

be used to cut the material from the access areas and push it into the fill area. Fill material will

be placed in lifts not to exceed 36", as described in the slope stability report. The conveyor belt

tunnel will be constructed in the fill in conjunction with filling activities to avoid re-disturbing

the compacted fill. As the fill nears the elevation of the coal seam, the coal seam and highwalls

at the portal locations will be faced up, exposing the seam. Since the majority of the coal

outcrop is already exposed, liule coal waste material is expected from the face-up operations.

Any material with significant amounts of coal in it will be hauled to the Coal Storage Pad area

and processed in accordance with R645-301-51 I .200.

The out slope of the fiIl area will be constructed at a slope of 2H:lV, as described in the

slope stability analysis report. As soon as possible after the slope has been constructed, erosion

control matting will be placed as described in Appendix 7-K to control erosion. The slope will

be seeded using the interim seed mix described in Chapter 3.

Following the initial road and pad contouring, the sediment pond will be constructed.

Then the final crowning of the road and pad and the installation of pennanent ditches and

culverts will be completed.
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The remaining portions of the access road existed prior to mining activities. Minimal

upgrading will be required on this road. If any areas of the road require widening, the material

generated from this will be incorporated into the pad fill. All required ditches and culverts will

be constructed as soon as practical to insure protection of the hydrologic balance.

Cut and Fill Calculations

The cut and fill volumes shown in Table 5J-l represent the maximum volumes which will

be encountered. Final contours and pad dimensions may vary somewhat to account for any

variation in cut and fill volumes. As-built contours and cut and fill volumes will be submitted to

the Division following construction.

Volume measurements were made using the "Quicksurf' 3-D modeling software with

AutoCad. They are based on the contours shown on Plates 5-7F and 5-7C for pre-mining

configuration, Plates 5-Zr^ and 5-2G for operational configuration, and Plates 5-6F and 5-6G for

post-mining configuration. Cross-sections for each configuration are included in Attachment B.

Figure 5J-1 shows the locations of cross-sections for the Lower Conveyor Access road.

It is proposed to reclaim this area as close as possible to the pre-mining configuration, so the

proposed post-mining cross-sections have been represented by the pre-mining cross-sections.

The representative volumes for each cross-section are shown in T'able 5.1-2. The excess 319

yards of material will be used as fill for the Bear Creek culvert crossing.
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Table 5J-2

Lower Conveyor Access Road
Cut and Fill Volumes

Const. Vol. (Cu yds)

Station Fill (-) Cut (+)

Reclaimed Vol. (cu yds) Cum. Vol.

Fill (-) Cut (+; (cu yds)

00

101 13

94 26

4tt t32

730 266

0 1,070

0 1,143

0 674

1,669

Cum.Vol.

(cu yds)

0

-88

-156

-435

-899

t7l

1,314

1,988

319

0 -246

0 -937

0  -1 ,61 I

-1+00

0+00

I +00

2+00

3+00

4+00

5+00

6+00

Topsoil

0

13

26

l3

5s0

82r

73r

674

0

l0 l

94

4tl

730

0

88

r56

43s

615

1,669 58

Total 1,336 3,324 319 2,947 1J36 s8
There is an estimated topsoil volume of 1,669 cu yds which will be salvaged during

construction of this road. This topsoil will be stored in the storage area adjacent to the road, as

shown on Plate 5-2F.

Figure 5J-2 shows the locations of cross-sections for the Upper Conveyor Access Road.

The cut and fill material for this area has been balanced to avoid hauling material to other areas.

This area will also be reclaimed as close as possible to the pre-mining configuration, so the

proposed post-mining cross-sections have been represented by the pre-mining cross-sections.

The representative volumes for each cross-section are shown in Table 5J-3. An estimated topsoil

volume of 2,171 cu yds will be salvaged during construction of the road. The topsoil will be

hauled to the storage area shown on Plate 5-2F.
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O 
Figure 5J- '1 Lower Conveyor Access Rood Cross-Sect ion Stot ions
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Table 5J-3
Upper Conveyor Access Road

Cut and Fill Volumes

Const. Vol. (Cu yds)

Station Fill (-) Cut (+)

Reclaimed Vol. (cu yds)Cum.
Vol.

(cu yds)

0

-732

-1,474

r46

-r70

s96

2,032

2,167

-4

Fil (-) Cut (+)

Cum. Vol.

(cu yds)

- l+00

0+00

I +00

2+00

3+00

4+00

5+00

6+00

Topsoil

0

754

|,097

32

472

2r8

100

93

2,171

0

22

355

1,652

1s6

984

1,536

228

4,933

0

22

355

672

156

|,182

1,536

228

0

190

1,097

32

472

28

0

93

2,171

0

168

910

270

6s2

-502

-2,039

-2,173

-2

Total 2,766 -4 4,095 1,912
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Figure 5J-2 Upper Conveyor Access Rood Cross-Sect ions
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Irigure 5J-3 shows the locations of cross-sections for the No. 3 Mine Portal Pad area. The

construction sequence will start with the recovery of the topsoil located on the existing cut bench

above the proposed pad area. Initial topsoil on the slopes will be recovered using a track hoe to

reach approximately t5'below the bench. A pilot road cut will then be made using the track hoe,

and the material will be pulled back onto the bench. As the pilot cut proceeds into the bottom of

the canyon, the topsoil will be removed from the lower slopes wherever the track hoe can reach.

This process will continue until the pilot cut reaches the drainage area where the pad fill is to be

placed.

Once access into the drainage has been constructed, the crews will proceed to recover all

of the topsoil, which will be hauled to the topsoil storage area shown on Plate 5-2F. An

estimated volume of 5,143 cu yds of topsoil material will be recovered. After the topsoil has

been removed, the fill will be placed as described in this Appendix. Table 5J-4 shows the

calculated cut and fill volumes. The contours of the pad out slope may vary slightly to account

for the shortage in cut volumes shown in the Table.

During construction 1,000 yds3 of material was excavated and moved from TS- l5 to TS-

I I to allow for construction of the tunnel. Once construction was completed 1,000 yds3 of

material was hauled from TS-17 to backfill the tunnel in TS-15 and the material in TS-11 was

left there for reclamation.

During reclamation, the cut and fill process will be reversed. The reclaimed slopes will

be reconstructed to approximate original contour, with the exception that localized ridges

between drainages will be varied slightly from the original contours. In addition, a portion of the

cut slope, shown on Plate 5-6G, will remain in place due to slope stability requirements. This

will provide additional material, which will be used to eliminate to the extent possible the bench

cut which existed prior to mining. This variation is shown in portal area cross-sections 1+00,

2+00, un6 3+00.
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Figure 5J-J No.3 Mine Portol  Areo Cross-Sect ion Stot ions
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Const. Vol. (Cu yds)

Fill (-) Cut (+)

'I'able 5J-4
No. 3 Mine Portal Area

Cut and Fill Volumes

Cum.
Vol.

(cu yds)

Reclaimed Vol. (cu yds)

Fill (-) Cut (+)

-1+00

0+00

1 +00

2+00

3+00

4+00

5+00

Topsoil

0

0

0

0

1,299

6,254

3,405

4,860

0

153

960

2,865

4 ,17  4

6,126

1,572

0

1s3

1 ,113

3,978

6,853

6,725

4,892

-51

0

591

1,363

2,950

6,990

2,464

786

15,144

0

0

0

260

369

6,254

3,405

4,860

Cum. Vol.

(cu yds)

0

-591

-1,954

-4,644

-rl,265

-7,475

-4,856

4

15,148

Auachment A contains a slope stability analysis the operational cross-sections for the

stations shown in Figures 5J- l, 5J-Z and 5J-3. Attachment B contains the A slope stability

analysis of the reclaimed cross-sections. Appendix A of Attachrnent B illustrates the cross-

sections, showing the pre-mining configuration, the proposed operational configuration, and the

proposed post-mining confi guration.

15,818 15,850
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I27 SOIITH 5OO EAST, SUITE 3OO, SALT LAKE CITY, UTAH 84IM-1959
(801) 521-9255 FAX: (801) 5214380

October 7,1996

CO-OP Mining Company
P.O. Box 1245
Huntington Canyon
Huntington, IJT 84528

Anention: Mr. Charles Reynolds
Mining Engineer

Report
Slope Stability Evaluation
Wild Horse Ridge, Bear Canyon No. 3
Conveyor System Access Road
Huntington Canyon
Job No. 27437-005-162

slIBopgEUoN

This report presents the rcsults of our sloSle stability evaluation for the proposed conveyor system access road

and staging area at Wild Horse Ridge, Bear Canyon No. 3 near Huntington Canyon, Utah. The approximate

road alignment with respect to major topographic features and existing facilities is presented on Plate l,
Viciniry Map. Plates 2,at and 28 show the anticipated alignments of the lower and upper sections of the access

road, respectively.

scsBD oryruut
'fhe scope of work for this investigation was outlined in our proposal, dated August 19,1996. Authorization

to perform the work was provided by signature on August 26, 1996. In general, the purpose of the

investigation was to aid in the feasibility and permitting process of the access road by performing stabihty

analyses at representative sections. In accordance with that purpose, the following services were performed:

Completing an engineering geology reconnaissance of the proposed access road alignment
and proposed ponal staging area. The reconnaissance included estimating depths of surficial
deposits, completing field descriptions of surfrcial and bedrock deposits, obtaining bulk
samples for laboratory testing, and identifying representative areas for subsequent stability
analyses.

Performing laboratory tests to aid in the determination of strength parameters.

l )

2)
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CO-OP Mining Company
October 7,1996
Page-Z-

3) Performing slope stability analyses for selected sections of the access road and providing
recommendations to improve slope stability. Additionally, recommendations for access road
cuts and placement of fill at the proposed staging were provided.

PROPOSED CONSTRUCTION

CO-OP mine is anticipating mining new coal seams in the Wild Horse Ridge area. The portal location can
generally be accessed by an existing road, however, the canyon below the portal area will be filled to allow

for portal access and construction staging. Coal from the mine will be transported to the current processing

facility via a new conveyor system.

An access road will be constructed in order to build the conveyor system and to allow for conveyor

maintenance. The access road will consist generally of a lower and upircr section, as indicated on Plates 2A

and 28. It is our understanding that material excavated during construction of the Lower Access Road will

be used in adjacent segments to Frll low areas, particularly at drainage crossings. Excavated material from the

Upper Access Road will be used primarily to improve the main access road or fill in low areas of adiacent

segments.

FIELD RECONNATSSANCE AND LABORATORY TESTING

FTELD RECONNAISSANCE

A field rcconnaissance was completed along the lower and upper sections of the proposed conveyor aocess
road and at the proposed portal area. Descriptions were completed for segments along each section where
engineering properties differ from adjacent segments. Additionally, rcpresentative samples werc obtained from
surficial deposits for laboratory testing. Soil and rock descriptions for each segment identified are
subsequently presented. The segments describ€d are delineated on Plates 2A and 28.

October 7, 1996P:/geotcch/cmp.rpt
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LOI\IER SECTION

Lower Section, Segment A

This segment generally consists of 3 to 5 feet of colluvial soils overlying sandstone bedrock. The colluvial

soils are predominantly gravel with cobbles and boulder in a siltl' sand matrix. The percentage of material is
estimated as follows:

gravel - 40Vo

fine to coarse sand - 20%

silty fines - l1%o

cobbles and boulders - 25Vo (angular boulden routinely exceed 3 feet in width.)

The slopes arc stable at approximately 35 to 45 degrees with the majority of the slopes comprised of sandstone
ledges with shallow surfrcial deposits. Vegetation consists of cedar, pinion pine and engleman spruce. It is
estimated that one-third to one-half of the road will encountered bedrock wherc blasting will be requircd. Cuts
on the order of 8 feet in height are anticipated in the bedrock.

Lower Section, Segment B

This segment is located at the base of the steeper slope comprising segment A and is above the flood plain of

the drainage, as indicated on Plate 2A. Surfrcial deposits are estimated to be 7 to l0 feet in depth and consist

of sandy gravel with cobbles and boulders. Estimated composition is as follows:

20% cobbles and boulders to 5 feet in width

407o fine to coarse sandstone gravel
 ' H F . I

1:,?:l;;:"":""e 
sand

In this segment excavated material from Segment A will be used to fill in two small drainages and to fill low

areas. The majority of this segment will be at grade or on several feet of fill. Vegetation is the same as in

segment A, however, sparse grass and sage brush and occasional large pine trees are present.

P/geotcclr/coop.rpt OctobcrT, 196
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Lower Section, Segment C

This segment consists of colluvial and stream deposits. The estimated percentage of material is as follows:

30Vo gravel

30Vo sand

207o fines

20Vo cobbles and boulders to 5 feet in width.

This segment will be at grade or on fill, particularly where the drainage is crossed. This segment is rnore

heavily vegetated than the upper segments. Vegetation consists of sagebrush, occasional cottonwood trees and
juniper trees. A culvert will be rcquired at the drainage crossing. A bulk sample was obtained in this segment.

UPPER SECTION

Upper Section, Segment A

The conveyor access road in this area will branch from the main access road. The drainage northwest of the
road alignment contains abundant vegetation anci a small amount of water flows in the drainage. In order to
preserve the vegetated area, the road alignment will be shifted to the southeast to avoici the drainage.

Excavated material from this segment will be used to reduce the grade of the main access road as it approaches

this section and to widen out the switchback on the main access road.

The road in this area will be cut into colluvial deposits and weathered bedrock. Due to the alignment, it is

anticipated that one-half of the road will be in colluvial deposits and one-half in weathered bedrock. Uphill

cuts in excess of l0 feet high may be required. The colluvial deposits are currently at a slope of 40 to 45

degrees and are expected to exceed 7 feet in depth. The colluvial deposits are composed largely of weathered

shaley siltstone with silty and clayey fines comprising over 50 percent of the total materid. A bulk sample was

obtained in this segment.

P/geoech/coop.rpt Octobcr 7,19%



CO-OP Mining Company
October i, 1996
Page-5-

Bedrock consists on larninated to thinly bedded shaley silt.stone with up to 6-inch thick sandstone beds. The

siltstone is moderately soft, moderately to intensely weathered (tends to air slake), and moderately jointed.

Joints are closely spaced and closed to t/8-inch separatron. The bedrock stands vertically wherc previously

cut, however, raveling of the slope has occurred. Several minor seeps were noted in the bedrock above the

alignment causing damp areas.

Upper Section, Segment B

This segment has approximately 3 to 5 feet of colluvial soils overlyrng sandstone bedrock. The majority of
the cut in this section will be in bedrock. Cuts of 8 to l0 feet in height are anticipated on the uphill side of the
road.

Bedrock consists of moderately soft to moderare hard sanCstone. The sandstone is thinly to moderately bedded
and moderately jointed with joint spacing at approximately 6 inches. The trend of the major joint sets is
parallel to the road alignment. The.ioints are open, dry. contain no filling and arc moderate to intensely
weathered

Colluvium consists of sandy gravel with cobbles and boulders with the following estimated percentages:

40?o cobbles and boulder (boulderc tend to be slabs to 6 ft.)

"L?ilff'
l07o fines

The slopes in this area are 55 to 60 degrees with vertical sandstone ledges.

P/geaecly'cmp.rpt October 7,1996
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Upper Section, Segment C

The road in this section will be largely on colluvial soils or stream deposits. The generat soit composition is
as follows:

2A7o cobbles and boulders to 6 feet in width

207o subrounded to angular sandstone gravel

40Vo fine to coarse sand

20Vo silty fines

The surficial deposits throughout this segment are expected to range from 8-10 feet in depth. The upper foot
of surficial deposis contains abundant organics and is classified as topsoil. Excavated material from Segment
B will be placed in low areas to stabilize the roadway. A culvert will be installed in the drainage and
excavated material from Segment B will also be used as backfill against the culvert. The majority of this

segment will be on fill. Abundant large pine trees iue present throughout the alignment.

Upper Section, Segment D

This section crosses through material that was side+ast during construction of the main access road. The
upper end of this section will encountercd massive sandstone ledges. A major sandstone ledge is located
above the alignment and it is expected that the surficial material between the road alignment and the ledge will
have to be removed to prcvent excessive raveling. The older trees are "knee-bent" and have accumulations

of previous side+ast material on the uphill side. Although the side cast material is generally less than 3 feet
deep, it may have to be removed to minimize excessive raveling. The maximum estimated depth of surficial

deposis is ? feet.

The surficial material is largely coarse grained material with the following percenrages:

5% boulderc to 6 to E feet in width

20% cobble.s

20Vo gravel

307o fines

25Vo sand

P/geotectUcmp.rpt fttober 7, 1996
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Grasses are abundant and may indicate areas oi seepage during spring months. The area was dry during our

reconnaissance of 9110196. Uphill cut slopes on the order of l0 feet in height are anticipated in this segment.

The upper part of this segment will be cut predominantly into sandstone bedrock. The bedrock is moderately

hard sandstone with the major joint set at N l0o E with a vertical dip. A N 70o E at 70-90"I.I\If joint ser was

also noted. Joints are sprced six inches to one foot apart. Joints are open tA to L inch with rough sidewalls

and no infilling. Bedding thickness varies from thinly bedded to massive. Bedding is slightly crossbedded

at an orientation of S30oE and a dip of approximately 5 degrees. Overall the rock mass tends to part on
bedding planes. A 4 to 5 foot thick coal seam is located near the bottom of the bedrock in this section.

LABORATORY TESTING

Two bulk samples were obtained from the alignment for laboratory testing. Bulk sample I (TP-l) is
representative of the majority of colluviaUstream deposits overlying sandstone bedrock while bulk sample 2
(TP-2) is rcpresentative of the material below or adjacent to the shaley siltstone ledge in segment A of the

upPer section.

Mechanical gndation analyses were completed on both samples. The coarser material (greater than 3 inches)

was not included in the gradation from bulk sample l. The gradations are presented in the following table.

The gradation curves are prcsented in the Appndix.

ri,;ffi#ffiitiffi
(*$;+;,sj$$ ,,j,ti+dHi..l,tgi;?00.-$";ig;y.91'p,,

TP.I 57 26 t7 GM

TP.2 l t t8 7 l ML
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Direct shear tests (consolidated undrained) were also completed on each sample. The results are indicated in

the following table.

The friction angle for TP-l is indicative only of the material finer than the no. 4 sieve. Thus, the contribution
from the coarser material is not included. Therefore, a more realistic friction angle of 34 degrees was used for
subsequent analyses.

SLOPE STABILITY ANALYSES

ROCK PROPERTIES

In order to develop bedrock strength parameters for use in the stability analyses, the bedrock was classitied

according to the Rock Mass Rating (RIUR) System @ieniawski, 1988). The RMR classification systern
evaluates five parameters from which an overall rating is determined. The parameters include:

Strength of intact rock (from point load or uniaxial compression tests)

Rock Quality Designation (RQD)

Spacing of Di scontinuities

Condition of Discontinuities

Groundwater Effects

The strength of the intact rock was estimated from point load tests anci conelations with rock frachrring during

hammer blows. The RQD was estimated from in-situ bedding plane partings. The spacing and conditron of

discontinuities were measured in the field as well as an assessment of groundwater in the outcrops. Based on

the criteria, an overall rating of 53 (fair rock) was assigned to the sandstone and a rating of 4l (poor to fair

rcrck) was assigned to the shaley siltstone.
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With the RMR rating, unit weights, and uniurtial compressive strengths, procedures recommended by Hoek

and Brown (1980) were used to derive instantaneous values of cohesion and friction angle for slope stability

analyses. The instantaneous cohesion and friction values are dependent on the normal stress and arc ploned

in Plates 3 and 4 for sandstone and shaley siltstone. respectivel,'". For subsequent stability analyses a friction

angle of 47 degrees and a cohesion value of 3600 psf (25 psi) was used for sandstone bedrock. A friction

angle of 27 degrees and a cohesion value of 1700 psf ( t 2 psi) rvas used for the shaley siltstone.

The properties used in the analysis are presented in the following table.

SOIL PROPERTTES

Soil properties used in the stability analyses were generally derived from laboratory testing results. The friction

angle detennined for the gravelly colluvium was performed only on material finer than the No. 4 sieve. 'Itre

conrser gravel, cobble, and boulder fraction is not rcpresented, thereforc, the friction angle used in the analysis

was conservatively raised from 3l to 34 degrees. The friction angle of 34 deggees obtained for the silty

colluvium is thought to be fairly representative of actual soil conditions. No cohesion value was used in the

analysis for surficial deposits.

AMTSES

Slope stability analyses were performed with PCSTBI-6, a trvo dimensional, limit equilibrium slope stability
program. The analysis included both circular and irregular failure surfaces to determine the factor of safety
against failure. A search routine was used that cqually spaccd twenty initiation points along a specified

Sandstone t30 r 3-5 3600 43

Siltstone r25 r30 1700 27

P:/gcoecly'coop.rpt Ocrobcr 7.1996
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interval. From each of the initiation points generally twenty potential failure surfaces were evaluated and the
failure surfaces with the minimum factors of safety identified.

Overall, six cross-sections werc chosen for stability analyses. The cross-sections that were representative of
steeper slopes were included. The cross-section locations are included in Plates 2A and 28. Plates 5 through
10 include plots of the sections analyzed. Both circular and random failurc surfaces were evaluated for each

section. The items indicated below are inciuded on the plos in Plates 5 through 10.

t .
2.
3.
4.

5.
6.

soilibedrock properties used in the analysis

the profile modeled

delineation of soil and rock units

the configuration and location of the tailure surfaces with the minimum safety
factors.

computation of the minirnum satbty factors

search limits.

The following table summarizes the stability arralysis results.
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RECOMMENDATTONS

Based on our site reconnaissance, a large majority of the conveyor access road will be cut into bedrock ledges
with intervening colluvium covered slopes. It is anticipated that portions of the road may require blasting
where massive sandstone ledges are encountered. Since side-casting will not be allowed on steep slopes, the
majority of the steeper portions of the road will be established in bedrock. Side-casting may be allowed near
the bottom of drainages for road stabilization.

Where shallow deposits of colluvial material exist above the road, raveling of the colluvial deposits should be
anticipated until the next ledge is encountered. However, raveling will generally be confined to material
between the road and the ledge immediately above the road. A maintenance program should be anticipated

since some ravel immediately above the road is expected. The material that ravels onto the road from the
uphill slope should be used in the safety berm or for road stabilization.

Cuts in bedrock will generally be dependent on the joint pattem within the rock, however, vertical cuts should
pose minimal stability problems. Cuts in colluvial material will be dependent on the grade of the uphill slope.
Where gentle uphill slopes arc encountered, cuts of two horizontal to one vertical(2H:lV) are recommended.
For steeper slopes the uphill cut will depend on the overall slope. Raveling of shallow colluvial deposits
between the top of the cut and the ledge immediately above the road should be anticipated where cuts exceed
2H: I V.

We anticipate that the material placed for the staging pad and portal access area will range from fine grarned

to boulder sized matenal. Due to the anticipated abundance of cobble and boulder sized fragments, monitoring

of compaction will be very difflrcult. if possible. We recommend that compaction of the rnaterial be performed

with earth-movlng equipment and the following procedures be used:

Slopes of two horizontal to one vertical (2lLlV) be maintaine<l in material used to
construct the staging area.

The maximum rock size should generally be limited to24 inches in any dimension.

Larger fragments may be incorporated into the fill, provided they are isolated and

assimilated into finer grained portions of fili. Alternatively, the larger fragrnents

r)

2)
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may be incorporated into the upper surface of the fill or placed as a safety berm near

the edges of the staging area.

Materials should be placed and worted to minimize void space between coarser

fragrnents.

Maximum lift thicknesses for placernent should be limited to 36 inches

Adequate grubbing of vegetation should be accomplished prior to fili placement.

A properly sized culvert should be placed below the fill to allow for continued flow

within the drainage.

CONCI.,USIONS

The majority of road cuts will be in bedrock or in bedrock overlain by shallow colluvial deposits. Venical cuts

in bedrock are expected to be stable, however, blasting should be anticipated.. Cuts in suriicial deposits should

be maintained at 2H:.lY wherc gentle slopes above the road allow. Where steeper slopcs are encountercd, the

colluvial deposits above the uphill cut should be removd as far as practical, however, raveling of this material

bctween the road cut and first ledge above the road cut should be anticipated. A maintenarrce program will

be required. Accumulations of material on the road due to raveling should be incorporated into a safety berm

on rhe downhill side of the road. Adequately sized culverts will be required in the drainage to maintain flows.

oOo

3)

4)

5)

6)
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GRADATION CURVE
CO-OP Mine, Bulk Sample TP-1

.F

c
.9
o
3

I

Y
iT
.a-
tr
o()
o
o-

19.0 4.8 0.85
Grain Size In Millimeters



o

GRADATION CURVE
CO-OP Mine, Bulk Sample TP^-z
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DIRECT SHEAR - Consolidated Undrained
CO-OP Mine, Remold sample TP-l

2000

Normal Stess PSF



o

DIRECT SHEAR - Consolidated Undrained
CO-OP Mine, Remold sample re-Z

I 500
2000

Normal Stess PSF



DAMES & MOORE
A DAA,TES & MOORE GROUP COMPANY

127 South 500 East, Suire 300
SaIt Lake Ciry, Utah 81102-1959
801 521 9255 Tel
801 521 0380 Fa:<
800 432 6375 Tel

July 23, 1999

CO-OP Mining Company
P. O. Box 1245
Huntington Canyon
Huntington, Urah 84528

Attention: Mr. Charles Reynolds

RE: Slope Stability Evaluation
Portal Staging Area
Wild Horse Ridge, Bear Canyon No. 3
Hunrington Canyon

Dear Mr. Reynolds:

This Ietter presents the results of a reevaluation of the stability of the fill slope ar rhe portal StagingArea, with the addition of a 7-foot deep sedirnentation pond. It is underrtood that rhe pond will belocated near the eastemmost edge of the stnrctural frll comprising the portal staging Area. The pondgeometry used in the analyses was based on a sketch provided by your office on July g, 1999. The
analyses were perforrned in accordance with our proposal dated July 13, I ggg.

The soil and rock parameters used in the stability analyses are based on those selected as part of ouroriginal geotechnical evaluation of the Portal Staging Area (see Slope stability Evaluation Report,
dated october 7, 1996)' The properties used in the analyses to model the soil and rock are presented
in the following table.

Soil/Bedrock Typ" Total Unit
Weight (pcft

Saturated

Unit
Weight

Angle of
Internal
Friction

(degrees)
Compacted
Structural Fill
Native Granular
Colluvium
Native Sandstone

Ofices Worldr,vide



G DAMES & MooRE
- 

A DAMES & MOORE GROUP COMPANy

CO-OP Mining Company
July 23, 1999
Page -2-

To model the effects of the proposed sedimentation pond on the stability of the staging area slopes,
I ) a full pond condition was assumed, and 2) two distinct steady-state seepage conditions were
assumed. The first seepage condition is based on a straight-line phreatic surface within the structural
fill and native materials resulting from infiltration of the impoundecl water. The second seepage
condition is based on a phreatic surface that follows the interface between the native sandstone and
the overlying granular colluvium.

The slope stability analyses were performed with PCSTABL6, which uses two-dirnensional, limit
equilibrium as a computational basis. The analyses included circular failure surfaces to derermine the
factor of safety against slope failure. A search routine was used that equally spaced 30 initiation
points along a specified slope length. From each of the initiation poinrs 30 trail failure surfaces were
generated. A factor of safety was computed for each trail failure surface to aid idenrification of the
minimum factor of safety. The results of the slope stability analyses are attached.

As shown on the attached results, factors of safety against slope failure ranging from 1.44 to grearer
than 2 were computed for static conditions, a full sedimentation pond, and the rwo steady-stare
seepage conditions- The analyses resulted in cornputed factors of safety greater than about l. I for
a pseudo-static/earthquake loading of 0.209 (peak horizontal acceleration), and failure conditions
constrained to relatively deep slope failure surfaces. By way of comparison, a minimum factor of
safety of approximately 0.90 was computed for shallow slope failures (generally characterized b,v
surface slumps and sloughing) and a pseudo-static/earthquake loading of 0.20g.

To account for localized variations and uncertainties associated wirh the type and strength of the
structural fill and native earth materials, factors of safety ranging from 1.3 to 1.5 or greater are
considered adequate to represent safe conditions for static loads and steady-srate seepage conditions.
A factor of safety of I. I or greater is commonly used to represent safe conditions for earthquake
loads.

In *9eneral, the conditions analyzed and the attached results demonstrate computed factors of safety
equal to or greater than those considered adequate for safe long-term performance. The primary
exception to this conclusion is the condition of shallow slope failures resulting from strong ground
motion. It is noted that the presence of the sedinrentation pond (or seepage from the pond) does not
effect the relatively low computed factors of safety for this condition. In addition, adequate factors
of safety were computed against slope failure for relatively deep failure surfaces.

Offices Woddwide



G DAMES& MooRE
-:---1-5 

A DAMES a MooRE GRoup coMpANy

CO-OP Mining Company
Ju ly  23 ,1999
Page -3-

Based on the results of our analyses for seepage and earthquake (pseudo-static) loading conditions,
it appears unlikely that the pond would be in jeopardy as resulr of strong ground motion. However,
shallow surface slides and sloughing of the exposed strucrural fill and narive soil slopes should be
expected as a result of strong ground motion.

We appreciate the opportunity to provide this service for you. Please call if you have any questions
or comments regarding the analytical results presenred with this letter, please call.

Respectfu lly S ubmirted,

Senior Geotechnical Engineer
Professional Engineer No. 372768
State of Utah

I
I

I

I
I
t !

Offrces Woddwide



o
io
st

o !g.g
E
E

6

o
?-

x A | ,
H.= iE

re
T€

o xS
Ift l\
$ ' i  q f

e F

l l  >
g O'Es
c r -g
l ! s

o
= t o
f ( )
e
F . ;
U ' t u

o
rF

o
3n
L-

o
+,
C)(tr

IL

o
o
N

oro

C)
F

It--
{J

a
o)(D t r
o)a
F @

= c \- )o )
. C D

- t

$:
co
O c

a -

J' iF

O =
o (9
oo)
n3
Lo

3B
U ' I

F

=d. .o )
to
N

. *

Ht
e6
1 + r

E3
Fc
an .o
J F

F
E,
o
o-

o
rt)
G)

. F

gs
u I -

(a

CC

€ -

o

$€i5r;
31,

i o t -

t S s
i i  g  3 o o o
=  o -
cc ,

9 ;
o i E
E  3  S o o o

4 ( D 6

i o

F  o -
E - o P o r t o
o  g ; ( v t ( '  a
E <.=

$Eu""4
E;ooo. , ,
jgs:::
E i o . o - o
E -  9 N e G )
F ' E . ? e r e

- o

S F € F N r ' )
UJ

J Z
< o
c c F

9  ) O
*  - r F Oj ]  i ta

F r o t t r ( o F o g ) l o ( 0 t \
gt sl lo lO lO 1() tO tO (9 (g (9
t L - ; - - J . - - - - -

: ! l  o  - s  e . g  . ,  b  i l s  -  -



o Eg .,P
5
E
o
o
F

A -
: < - o
H giE

g D E' i 
,g

$E
xg

o =
R i:

e F
ll >.
g c q
t r E

o ci I
o t J - r t r
N =

o
= o
=c)q

o f lE
to O to
F - O

rh

o
g
o

F

c l O
O G
F l l

E
J

6
g)
o)=
os*
F F -

! . -
:o ,r o )
- '6
) F -

1 c )
?-
.9€
+ e =
9e

rA O)
- t - -)
rt \  O
l io
+;uco
J

F
J
o-

o)
o)

*
o-
-:
(E
C'
*,'=
()
t,
3n
o
=
c
o

F

o3
F-

?-
N

UJ
E

(,
z
C9

F
o
J

F
E,
o
o,

ro
1r)
F

o
tr'(o

.t\

g ;
u J v

o
rl)
F
F

I

!

0'

#€iEiE
ct)

o Z

B f iEooo
E  e s

q o

o
o : f E
b  3  S o o o
c , o o

i a

F  o -

tE9sss

#E'U""g
!t

€ i - o o , o
!  '  H f i ) N C ' t
;E=- - -
u ) -

J

Ei ?n: e
F 'E  - * r  -  -

:)

- o

EF€ F N o:l
u,

J z
< o
C E F

e  )u ,
*  _ rFE t.:J 1tria

s t e O N O N N r t s f q f( ' ) s f s t t l t )  l o ( o ( 0 ( c ) ( 9 ( o
IL

F F I F F F ' i - I F F t F F

I t  =  s  o  !  r r . -  $ =  -  -



'o
o
?-
+,
qt

o =
O A

b' o
l}-

A O-, .-
+ @

'lct
ET
J

6
o)=
o:
o)dc

N

in i
!o ), o D
-'+

r l \

s
L ?

o€
.- rF

o( ,
O F h

o3'
a:
u l -
a l
O rb
J

)a5v>q
3r'
o-

I o )
ar o)

<*
tlJ O-
E i

tcE
zc)
OE
i O

FE
O c

o
J F

F
E
o
o-

o E'= .g-j tF

T€
o x€
@ e ,

! : o
- . ?. -
e F

i l >
s 0 0
t r E
6g
t t G

Y

< o ;
- Y

l -

= . !
=o
e
ft'f rP

t :e
C N G

cn
rF

qo
\r

q
L

o
+J
o
G

]L

o
N
(9
t\

o
sf(o

. F

gs
uJ -

l =,
I,
I,
I
I

I,
I,
I
t

I
t

I
a

I
t

I
t

I
I

o

fgE55t
CN

o =

iEEooo
E E ga.c)

o
o t t s
t  B  E o o o

& o '

F  a r -'5-o Pro e o

f€  
g - -o

fEu""g
E;-oo-
\ -  P ( ! , s t c O

EE-*---
u t -

Ei as: s
F ' t J e  e  e

f

- o

IBF€ FNF:t
UJ

t Z
< o
G C F

q,  =o3#e
( v ) K ) O s l c . s l O o ) C O i C

( a K t ( o N s f F ( f e e - $
I t J - c . i r . i < . i $ i r '  C ' t d s t
I t = s e = 9 b c E & . - -



E E
l 5 r o
I ' J  e

{J

o
E
o
o
1-

:< A tlt
L J - . -

c r  + E

E

6
R3
63
F a -

=o)
1?

- c 0

<i
. io

; L

bE
=e
6?q6
vros;
56
J F
od

F u l

#3
NE
<{
Ho-

e€
=5
( 9 . - '

s3- to=
c

J O

F
E
o
o.

o r d' - O
a i t

5 ( =| \.,
xg

o
Rge)

. -
r F
lt >
s t r l.E:

O CN E
o t t G
N E

- o
; r g
fo
o

o flE
1l) cn G
F q

rF

o
?
I

g l O
O G

lt

o
ro(o

. F

- 98
LlJ 

-

- & -
_ a F

(rt.e
d
I t
g
r[

o

siEi5i
Q

o - -

i f i?ooog  b s
a c ,

o
O J E
E  g  S o o o

4 0 6

d a

F o -.E -oPoc ra
o  c ; I t s , r t

E<- ;
E =' 9 i=  e
d ,  Y  g o o x

- E A a  r a
= - Y  G I

Y -

L ' -

!;er r r
e?al:s

f

- o

S F € F N c '
-HgP

c > o
€  - r F Oj ila

f D s t r o ( o ( 9 t \ o o ) o o
( / ) e e F r - i F e - e N N
lt

F F F F F F F ! F F F

: l t o c a = e r - B G E - -



ou)
rf

o E
3.9

5
=
o.
o

9 ^fr
L , U . -

o  = 6
ctz E'se
TE
x!

oeR E^e
O F
i l >
s 0 0
t r E

o 6 I
O I L ( o
N =

C)
= , o
fo
e

O FE
ro O ttr

q
rts

o
3
I

c ) o
o G l
F l l

E
-l
J

6
cnE
; C L

61 3
r - .

=o)
1q
_- P

io
F

a - L

bE
Eo
6e
od
t ho
H;
60
J Fod
F u l

#3
N8
--
*g
Eo-

(9.g
=_5
9 * ,
s8
6=

?

J ( t ,

F
E
o
o.

ro
|r)
F

o
o(o
r\

o
o
F
F

ga
UJ

!t

3 ---t

g
<t
l l

Grtt
o

i  H : F F F. F E ; 3 B B
t ,

o 7
:  E =
6  p  S o o o
=  o -
o- cl

9 ;
o t E
;  g  S o o o

1 c 6

i o -

5 g =
E  s t P ( o l ' a t
e  g ; a r ! r ) r l

E< ;

O B

; 9 c  P

* Eg..5
C ) =

tt

€ i o o . , -
!  -  9 ( v ) N c ,

f ; ! - - - - -
.t

ElEn:e
F'E - - r -  e  P

f

- o

EF:F..r ' t )
UJ

t Z
< o
c E F

9  = O
2  - r F Oj  i1e

O O p F f \ t \ F @ C D 6 )
( , ) o ) o ) C D C ' ) o ) 6 ) C D o ) C D C ' )
r ! o o c i c t c i d d c i d c ;
t l l  =  -  e  = r  9  r -  3 ! E  -  -



Attachment B

Slope Stability Analysis
Post-Minitrg Slopes



February 28,2001

Mr. Charles Reynolds
C. W. Mining CompanY
P.O. Box 1245
Huntington, Utah 84528

REPORT - Slope Stability Evaluation
For Reclairned Slopes along Upper and
Lower Conveyor Access Roads and in
Portal Area
C. W. Mining CompanY
Wild Horse Ridge, Bear CanYon No- 3
Huntington, Utah
Job No. H5-0000 I 69-6.00

INTRODUCTION

This report presents the results of our slope stability evaluation for the proposed reclaimed slopes

along the pioposed upper and lower conveyor access roads and in the portal area at Wild Horse

Ridgi, Bear Canyon No.3 near Huntington, Utah. URS (then Dames & Moore) has preformed

pr*io,m work in this area for C. W. Mining (then CO-OP Mining Company). This previous

work involved slope stability evaluations of cut and fill slopes for these features (see report

number 27437-005-1 62, dated October 7,1996, and letter report dated July 23, 1999).

SCOPE OF WORK

The scope of work for this evaluation was outlined in our proposal, dated January 30, 2001.

Written authorization to perform the work was provided by signature on January 31,2001- The

evaluation of the proposed reclaimed slopes was based on plans and cross sections at lOGfoot

stations provided by C.W. Mining. Per your request, a geotechnical investigation was not

included as part of this scope of work. Subsurface conditions and strength parameters used in

our evaluation arebased on the results of the previously performed work identified above.

PROPOSEp CgNSTRUCTION

C. W. Mining is anticipating mining new coal seams in the Wild Horse Ridge area. The portal

location can generally be accessed by an existing route; however, the canyon below the portal

area will be Ritea to allow for portal access and construction staging. Coal from the mine will be

transported to the current processing facility via a new conveyor system.

URS Corporation
756 East \Mnchester St, Suite 400
Salt Lake City, Utah 84107-7565
Tel: 801.904.4000
Fax:8O1.S4.4100
www.uFcorp.com \s0 r 6NT0 t \PROJ ECTS\Hs 0000 I 696\REPORT-F. DOC



Page 2

An access road will be constructed in order to build, and later maintain, the conveyor system.

The road will basically consist of two segments: upper and lower. It is our understanding that

material excavated during constnrction of the access road will be used as fill and/or stockpiled

until the mining operation is complete, at which time the material will be used to reclaim the cut

slopes.

SITE CONDITIONS

The majority of the proposed road cuts are in bedrock or in bedrock overlain by shallow colluvial
soils. The bedrock consists principally of sandstone and siltstone. The colluvial soils consist of
primarily silty gravel and silty sand. Cobbles and boulders make up an estimated 20 to 40
percent of the colluvium. A more detailed description of site conditions is contained in
previously prepared reports.

Based on previous field observations and laboratory testing of two bulk samples, the colluvium
was assigned a friction angle of 34 degrees with no cohesion. Excavated bedrock materials are
expected to possess at least similar strength properties.

RESULTS OF SLOPE STABILITY EVALUATION

We understand from C. W. Mining that a factor of safety of 1.3 is required for the reclaimed
slopes. For the strength properties stated above, the maximum slope that can be used while
maintaining the required factor of safety is basically 2(H): I (V), or 27 degrees from horizontal.
Since some of the proposed cuts are in areas where, due to bedrock, the natural slope is
significantly steeper than 2:1, some of the cuts would remain partially exposed. Table I
presents, by station, the areas in which the proposed reclamation grading satisfies the factor of
safety criterion. For those areas not satisfying the factor of safety criterion, Table I also presents
how much estimated cut would remain exposed if theproposed gradingis reduced to a maximum
slope of 2:1. Figure I illustrates this relationship between grading and the vertical height of the
exposed cut.

An asterisk has be used in Table I to indicate locations where grading could likely be adjusted
without great difficulty from that shown on the cross sections, thus reducing the vertical height
of the exposed cut. Such an adjustment in proposed grading is illustrated in Figure2. The cross
sections used in our evaluation are contained in Appendix A.

DISCUSSION AND RECOMMENDATIONS

Some of the 2:l reclamation grading, especially along the Upper Conveyor Access Road, is not
quite steep enough to completely cover the face of the proposed cut slope. One possible method
of mitigation would be to locate the road further out away from the slope, lessening the height of
the required cut. Another consideration might be to accept a small amount of exposed cut, but

\\SO I 6NTO I \PROJECTS\H5OOOO I 696\REPORT-F.DOC



Page 3

dressing the face so that it blends better into the natural environment. In some areas with a

significant amount of exposed cut (such as Station 2+00 along the Upper Conveyor Access

Road), the visual impaci of the cut will be lessened by naturally occurring steep ledges

immediately above the cut.

With respect to reclamation earthwork, a suitable degree of compaction should be obtained by

achieving either 95% maximum density with respect to the standard Proctor test (ASTM D-698)

or 70o/o t"lutirr. density (ASTM D-4254). The later standard is preferable because of the nature

of the materials being used. The maximum soil particle size should be limited to l/2 the lift

thickness, and materials should be placed and worked as to minimize void spaces between soil

particles. Lift thickness is a function of the compaction method and equipment, but it generally

should be no greater than 24 inches unless testing shows adequate compaction of the entire lift

can be obtained using thicker lifts.

To help control erosion and improve stability, reclaimed slopes can be revegetated. Vegetation

shouldbe preferably native and not require irrigation. Oversized materials can also be used at

the fill's r.trfu"" to provide additional erosion protection. Drainage should be established such

that it is directed away from reclaimed slopes.

oOo

\SO I 6NTO I \PROJECTS\HsOOOO I 696\REPORT-F.DOC



No. 3 Mine Portal Area

TABLE 1

C-W Proposed
Reclamation

C-W Proposed
Reclamation

* Possible if grading is adjusted from that shown on the cross section with slopes
no steeper than 2H:1Y (27 deg) from toe of cut

Lower Conveyor Access Road

Section
Station
0+00
1+00
2+00
3+00
4+00
5+00

Section
Station
0+00
1 +00
2+00
3+00
4+00
5+00
6+00

Section
Station
0+00
1 +00
2+OO
3+00
4+00
5+00
6+00

Approximate
Height of

Cut

Approximate
Height of

Cut

Estimated Height
Satisfies of ExPosed
F.S =1.3 Gut with

Criteria F .S  =1 .3

Estimated Height
Satisfies of Exposed
F.S =1.3 Cut with

Upper Conveyor Access Road

Approximate
Height of

Cut

Criteria F.S =1.3 (f t

Estimated Height
C-W Proposed Satisfies of ExPosed
Reclamation F.S =1.3 Cut with

Criteria ?  F .S  =1 .3

* Possible if grading is adjusted from that shown on the cross section
** Smaller height possible (approx. 3 feet) if road is moved outward to opposing slope

and cut slope height is reduced

'11

1 4
36
38
48
30

6 to31
13 to 33

27
27

22to 39
42

yes *

yes *

yes
yes
no
no

none *

none *

none
none
20
16

none (remove fill)
none (remove fill)
none (rernove fill)
none (remove fill)

29
30
11

0 t o 7
1 1
1 9

1 0  t o  1 7
29
33

22lo O

yes
yes
yes
yes
no
no

none (remove fill)
8
38
8
1 7
29
1 5

0 to 12
36
42
33
35

39 to 29
38 to 51

yes
no
no
no
no
no
no

none
3
21
3
6

2 ' ,
5 * *
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CROSS SECTIONS
USED IN SLOPE STABILITY EVALUATION
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Appendix 5-K

Wild Horse Ridge

Tank Seam Pad

And Access Road
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Introduction

This Appendix discusses the construction of the Wild Horse Ridge Tank Seam access

road and portal pad. (Areas T5-16 and TS-17 onPlate 2-3G) Cut and Fill volumes have been

determined for the road and pad and are summarizedin Tables 5K-l and 5K-2. Also included is

an operational slope stability analysis and a reclaimed slope stability analysis. Pre-mining,

Operational and Post-mining cross-sections are detailed in Attachment B of this Appendix.

TS-1 6 Constructions Description

Consffuction in this area will include the widening of the switchback and adding two

passing areas in the road. Construction will begin at the switchback and the material cut out of

the side of the mountain to widen the turn will be used just below the switchback and in the area

around cross-section 4 to widen the road in these areas. Topsoil will be recovered to a depth of

6-10 inches from the areas where the road will widened generating approximately 124 cu. yd. of

material.

The area included in TS-16 will not be reclaimed butwill be used forpost mining access to the

hunting cabin as described on page 4-7. During construction silt fences will be used below all

cut and fill areas. Upon completion of construction all disturbed slopes will be covered will

erosion control matting and reseeded (See Appendix 7-K). Cut slopes, fill slopes, and fill

placement will follow the recommendations given in the Slope Stability analysis and report,

included in Attachment B. A summary of the cut and fill volumes is shown Table 5K-1. Cross-

Sections are shown in Attachment A.

B.C. 5K-3 8t0U02



Table 5K-1

TS-16 Summary of Cut and Fill

TS-17 Construction Descriptions

Construction will begin ant the hunting cabin turn off, 300 ft from the pad site. Topsoil

will be removed form the project cut areas (Table 5K-2) and placed in the WHR Tank Seam

Topsoil Stockpile located inside the bend of the corner. Material will then be removed form the

road cuts and compacted around the outside of the two switchbacks located inside the area in

order to allow them to be widened. As the cut progresses up the road, topsoil will be removed

prior to the road cut being made and placed in the storage pile. Cuts will be made starting at the

lower end of the access road and proceed up to and through the Tank Seam Portal Pad. Most of

the material will be hauled approximately 300 ft. and placed at the turn intersected by the

hunting cabin road. The rest of the material will be hauled no more then 700 ft. to the turn above

the Blind Canyon Seam Pad. A retaining wall (shown on plate 5-2G) will be built bellow the

turn intersected by the hunting cabin road in order to maintain the maximum allowed slope on

the soil below the turn. Cross-sections are shown in attachment A.

Cross
Section

Cut Vo.
(Cu Yds.)

Topsoil
(Cu Yds.)

Fill Vol.
(Cu Yds.)

Excess
(Cu Yds.)

Amount
Hauled

Avg Haul
Dist. Gt)

Cum. Vol.
(Cu Yds.)

I 830 -36 r39 655 cut l 6 l 450 -655

2 431 -28 550 r47 Fitl -0- -0- -508

3 52 -30 319 297 fiIl -0- -0- -211

4 35 -30 161 r s6 fill -0- -0- -55

Totals I ,348 -124 1,169 l6 l 450

B.C. 5K-4 810U02



Table 5K-2

TS-17 Summary of Cut and Fill Volumes

Topsoil depths vary from 6-10 inches along the access road and are 8 inches at the pad

site, but may be as deep as20 inches along the northeast edge of the pad (Appendix 2-G).

Assuming a topsoil depth of 8 inches approximately 1,400 cu. yds. of topsoil will be recovered

from the construction area. The topsoil stockpile can hold a maximum of 1,800 cu yds. of

material. This will allow us to go deeper then the 8 inches in any areas that are required and still

store the material depending on the actual depth of topsoil encountered during construction. If

the amount on topsoil material recovered from areas TS-16 and TS-17 exceed the capacity of the

topsoil stockpile the additional material will be hauled to the WHR topsoil stockpile. If both the

capacity of both the WHR topsoil stockpile and the WHR Tank Seam topsoil stockpile are

exceeded the material will be placed in the area labeled Potential Additional Topsoil Storage

shown on plates 5-2 and 2-3G.

B.C.

Area
Cut Vo.

(Cu Yds.)
Topsoil

(Cu Yds.)
Fil l  Vol.
(Cu Yds.)

Excess
(Cu Yds.)

Amount
Hauled

Avg Haul
Dist. Gt)

Cum. Vol.
(Cu Yds.)

0+00 138 -138 r,357 1.219 fill t,219 700 -r,219

0+50 80 -80 1,430 1.350 fil l 1 ,350 700 -2,569

1+00 279 -101 624 345fill s32 50 -2,9r4

1+50 686 -t07 144 543 cut -0- -0- -2,371

2+00 2,033 -135 t2r 1,912 cut -0- -0- -4s9

2+50 4,648 -326 841 3,807 cut 3,807 300 3,348

3+00 2,852 -281 3,876 1,024 fill 1,024 300 2,324

3+50 313 -149 2,696 2,383 fil l 2,141 300 -59

Totals 11,029 -1,317 11 ,089 10,173 388

sK-5 8t0U02



Silt fences will be placed below the disturbed area before both construction and

reclamation begin. During the initial road cut, care will be taken to prevent disturbed material

from migrating downslope in the following manner. The initial removal will be made using

backhoe. Trees and/or shrubs immediately ahead of the cut will be removed by pulling them

back into the previous cut. Using the backhoe, a berm will be created on the downhill side of the

cut, as shown in Figure 5G-1. When the berm is in place, the road cuts will be started as shown

in Figure 5G-l and 5G-2 using a backhoe and/or front end loader. The road cuts will be made

into the slope towards the cut face rather than parallel to the slope, which will result in any rocks

or sloughage dislodged by the equipment during the road cuffing to be contained within the

berm. In the event blasting is required, which is described in Appendix 5-E, the blasts will be

designed to drop the material into the cut area behind the berm. This will prevent material

generated by the blast form migrating into the undisturbed area.

Cut slopes, fill slopes, and fill placement will follow the recommendations given in the

Slope Stability analysis and report, included in Attachment B. Large boulders will also be

placed according to the report. Where possible, care will be taken to avoid disturbing large trees

of commercial value and any canyon sweetvetch plants located in the area (see chapter 3).

Exposed slopes will be covered with erosion control matting as described in Appendix 7-K.

This procedure will be followed for the construction of the Tank Seam portal pad as well.

A road will be cut across the entire length of the pad and berm established. The backhoe will

then turn into the mountain and start widening the pad, first recovering the topsoil.

B.C. 5K-6 810U02



Final crowning of the road, laying of road base and installation of permanent ditches will

be completed following the initial road contouring. The approximate road contours are shown

on Plate 5-2G.

During reclamation, the cut and fill process described above will be reserved. The

reclaimed slopes will be reconstructed to approximate original contour. Subsoil material will be

compacted in a minimum of 12 inch lifts. A minimum 8" of topsoil will be placed un-compacted

over the regarded area. Topsoil material will be pocked to aid in water retention and runoff

control during vegetation establishment (See Appendix 7-K). The 1,000 cu. yds. used in TS-15

and any material used in TS-7 and TS-8 will be replaced by material from TS-5 during

reclamation. All material moved will be sampled for toxicity according to table 5O-l

Most areas of the road will remain in place for post-mining access to a hunting cabin.

These areas are shown on Plate 2-3G and are labeled "area not requiring recontouring or topsoil

within the disturbed boundary". The remaining areas of the road will be completely removed

and used for fill material during the cut and fill process and the pre-mining road will be restored

as shown on the cross-sections in Attachment A. A more detailed description of the hunting

cabin can be found on page 4-4 of the MRP. No culverts will be removed since they are needed

for access to the hunting cabin.

During construction 1,000 cu. yds. Of material was hauled to TS- 15 as described on page

5J-13. Any additional material generated due to miner variations will be hauled to TS-7 and TS-

8 for reclamation in those areas.
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Attachment A

Cut and Fill Calculations



The cut and fill volumes shown in Table 5k- I and 5k-2 represent the maximum volumes

that will be encountered. Final contours and pad dimensions may vary somewhat to account for

any variation in cut and fill volumes. As-built contours and cut and fill volumes will be

submitted to the Division following construction.

Volume measurements were made using "Quicksurf' 3D modeling software with

AutoCad. They are based on the contours shown on Plate 5-7G for pre-mining configuration,

Plate 5-2G for operational configuration, and Plate 5-6G for post-mining configuration. Cross'

sections for each configurations are shown on the following pages. The locations of the cross-

sections are shown on Plates 5-6G and 2-3G.

B.C. 5K-9 810U02



I
I

I
I

I
I

I
l

I
I
I

L
.<

C
)
\J

an

t
o

C C

IA
! f

= 6
= (

l ;
A r \-1,
v r-)
(  r '

.\- t--l
I

.T\\=) )
C

e
I

I
t,
a)
c_





\ \n\-/
AV

\ \
.\\_/

6^1\)
V

A C
C C (- =  - ^  

. 1
( - P v

= - O Y
. z _ , (

l ; fu X r l
t l l  -

?M
t t l

a \ l l
l l

, T l \
l)) -r'

C M- =
L

=
I

P
tn
a)

0_

(-
\

a
I \-Y

Or
\y

( / \
\,/ )

\o
\--------

I
(,4)

r-

-)
a-)
t.--
l--tt-

a)
a_)
co
tt---.

pCIcd ss : r tv  t#  au lN



C C
C O L- = ^ d

\ . H

= ( \ -
l ! T
I  A ,  - )
o rX .
r L

m
t t l

a l  r l

\
O I

I A
L  V I- =
L

=
I

I
L'
a)

C-



o)c
cor
- + r d ' -

,  a \

/ \
t \

l e " f
l .  l J v
; a ) ( r

av\

. \ l l
t l

/ - - | )\)) -r
C O- =
L

=

f
n
a)
v

C-



fcr^est  Senvice

O
O
-f

O

C
r t

--T--

0,
(,4)

>\
\-----l

I
Cr)
F-

rr)
l-.-
l.-.-

-
-

>-

a)
+
r J
l-'-

CC
CCLU
C P L - )

/ 1 \ J L>-Y .
L \ C J

pA ,  l (A
i . ,  O \J
V I

l l F - - r - - - l r \

O l l  r

nO
\ P C J
or l ' |  L

L A C
O_ LL





C
a - \ ( l
\J \- \J

P \ J --
. 1 \ J (
/ \ n\ _ = \ ,
o r  )  ( A
v v /

o \ J
t l - 1 -

t a
- v l

- |-> t lr

u] i
G O

Lr-

O
-\-- =
!

=

1-

LN
-

0_

0r
L
c_



ForeEt Servlce Sondory

E
6
0J

(./)

6
o

CJ

d

-
-c
cI,
r

o
O
co

O
o
O)

O
La)
+

C
a

I
U
0,
a

s-l

I
(/)

F

o)C
C O L U- - r r  6  - t

= de (
s-=o

€  O  lV )
q ,-.,o d
O l - l f

n-u l
{ fo
orA<-
Lr ro

0- LJ-

H

nr 
-d

r h d

.g sd

F A ;
F < o

xH
:C .d
F

i,N
rvl
F-t

t-r
L

.l

H

i l

4
1 ' f

l Y l
F-l

i r

fv
f*{

n4

,d

{n

n
r l

r*

P-.a {

FHl {}

!c!.{ 6

&€
z]
:r

f.r-{
n

I
t

n
r )\r'

d

h
g, z

z
U
h?

t--'l



O C
C O L U- - r  

I
= 9 F L

L = 0 r
. l >  O  l ( A
i ^  n  L , ,

3 E*m r-

t P$
o,q !
ac,o

o_ rJ-

F o n e s t Sondory

e

\U
V)

=
s
.q')
I

.s

o
o
@

o
o
O)

(_)

C
+
al

C
o
r-
U
0J

(/)

r\
-l

(A
F(n

!'-.r-'1

F-i

F.
Fl
(-)

f+

l--l

(-)

l - .

!4i

-
l-(n

-a

U

r t
l-->

{-
i-( S

F-t 5
\qi $
1 , 7

z
:f=

h..&{
n

I
I

L-)

X €
r E o

gtr

.: c!
F O ()
t <
Fu

i I
c n Q
z *=
S E
A

Z

z
U
f+



i l
l l

I

] I
t '
i l
t l
I t

i l
C C
C C (
C P L )! ' _ _ X

- a = L ( \ - a J-\
n ' a

P U - , A
t i

t n  \ r  ;
| J I \

t l  - r
\J

an

or l ,  L
r-\

( - \ J\_
o- Lr--

^c
Q)'

C\
avu"

^c
3"

a\c
O\J

V

^c
\"

r- -)
-)
o ) c o
N F -

O
la)
L_l /

+
a \ i
\ \__i

C
a

f

0r
a4

>-
\---

I
(/)

=

t , . . -
i '

..'



C C
C  O  L  U C' =  - -  . a  - .  l n
C P :
-  d  =  Lx

(  \ -  A ,  v
. ! l

p o r : c 1
i ^  a  \ J
U I  _  C O
O l l  

- r

au l

o r  v r  I
r-\( \ ,

.\ L-r-
l l

Fonest  Senv ice

0l=
o_

J

(/t

o

F:

a

E
6

i

OJu
o
c!

t-
rn
l--

O
O
+
an\ , /

e
.)

I

0r
(,4)

>-
\---]

I
(,4)

r-





Attachment B

Slope Stability Analysis for the Wild Horse

Ridge Tank Seam Portal Site



o nRs

CO-OP Mining ComPanY
P. O. Box 1245
Huntington Canyon
Huntington, Utah 84528

Attention: Mr. Charles ReYnolds

RE: Slope Stability Evaluation
Tank Seam Access Road
Bear Canyon

Dear Mr. Reynolds:

INTRODUCTION

This letter presents the results of the slope stability analyses conducted for the propsed access road for

the WHR t*t Seam Portal Site. The site work includes a cut into the bedrock, fill over existing

native granular colluvium, rnd topsoil stockpiting. The analyses were conducted on five of the

sections given to URS by CO-OP Mining Company. The analyses included both static and dynamic

slope stability analysis of the site.

ASST]MPTIONS

The soil properties in the area were given in an earlier report dated October 7, 1996. The properties

used in the analyses to model the soil and rock are presented in the following table:

Soil/Bedrock
Type

Total Unit
Weight
(pcf)

Saturated
Unit Weight

(pcf)

Cohesion
(psf)

Angle of
Internal
Friction

(degrees)

Compacted Fill t25 130 0 36
Native Granular
Colluvium

115 t20 0 34

Topsoil* 105 l l 0 0 25
Native Sandstone r30 l3s 3,600 43
* it ues assumed for theTopso analyses

URS Corporation
756 East Winchester Street
Suite400
Salt Lake CiV, utah 8/;107
Tef 801.9O4.4000
Far: &)1.9(X.4l0O
wwlfl.uGi@]p.com



It was assumed ttrat l0 feet of colluvium covers the native Sandstone. This assumption was based

upon the report mentioned above. The dynamic stability used a 0.109 factor for the seismic loading.

ftir is a probabilistic peak acceleration with al}Yo chance of being exceeded in 50 years-

AI{ALYS$

The five selected sections for analysis are 0+00, 0+50, 2+50,3+00, and 3+50. The slope stability

analyses were preformed using CEO-SLOPE, Version 4.21. The analyses included circular failure

srrrfaces to determine the factoi of safety against slope faitrue. The method used for the analyses was

the Spencer method in addition to Bishop, Ordinary and Janbu methods. The analyses used 30 cross

sections for each section studied. Different portions of two of the selected sections, sections 2+50 and

3+00, were analyzedfor stability. The resulting sections and failure slopes of the analyses are attached

at the end of this rePort.

RESIILTS

The minimum factor of safety for the static loads of any slope is 1.3 for compacted fill or cut slopes-

The minimgm factor of safety for excess spoil used on site is 1.5 for static loads. The minimum factor

of safety for dynamic loads is l.l. The resulting minimum factor of safety for any of the analyses was

130 fo; non-spoil static loads and 1.09 for the dynamic loads. The resulting minimum factors of

safety for each of the analyses are given in the following table:

SECTION TY?E A}IALYZED STATIC DYNAMIC

0+00 FILL 1.41 l . l 4

0+50 FILL 1.33 1.09
2+50 EXISTING 2:l SLOPE 1.30 1.09

2+50 A IJPPER CUT 1.45 l . l 6

2+50 B LOWER CUT 1.80 1.38
2+50 C FILL 1.97 1.50
3+00 FILL 1.39 1 .13

3+00 A UPPER CUT 1.35 l . l 0

3+00 B LOWER CUT 1.60 1.25
3+00 c TOP SOIL 2.68 1.84
3+50 FILL 1.59 t.29



The resulting minimum factors of safety for the sections of the analyses showing the reclaimed areas

are given in the following table:

SECTION TYPE ANALYZED STATIC DYNAMIC

2+50 UPPER CUT RECLAIMED 2 .18 r.74
2+50 LOWER CUT RECLAMED 2.41 1.83

3+00 UPPER CUT RECLAIMED 2.24 r.97
3+00 LOWER CUT RECLAIMED 1.51 r.22

CONCLUSION

As can be seen by the table, the resulting factors of safety are at or above the minimum guideline

factors of safety. The only section that is at the minimum in both factors of safety is Section 2+50 in

the exist ing Z:l slope at thl lower end of the section. Stabilization of the slope would add to the factor

of safety in that area All other sections showed that the WHR Tank Seam Access Road could be

safely built in the area designated.

We appreciate the opportunity we have had to provide this service for you. If you have any questions'

comments, or 
"ott"."rrr 

with the analysis done, please feel free to call us-

Respectfully Submitted,
URS Corp.

/

ru*,/zQ
Paul R. Vidmar, P.E.

dtrw
Charles C. Rehn, P.E.
Project Manager
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CROSS SECTIONS OF DYNIAI\{IC AI.IALYSES
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APPENDIX 5-M

BLIND CANYON INTAKE PORTAL



BLIND CANYON INTAKE AI\D FAI{ PORTALS

In order to facilitate adequate ventilation across the working face as mining

advances from the existing intake portals and to provide an alternative escape w&), Co-op

Mining requested approval for the blind Canyon Ventilation Portal as shown on Plate 5-

lA. In addition to the main fan portalo a small breahhrough exists 80 ft to the north.

This opening will be used as an intake portal. Three accidental breakouts have also been

observed in the Bear Canyon Seam, two South of the main fan portal and one North of

the intake portal.

Because of the proximity of the portals, the surface configuration and operations

involved in their creation are similar. The portals are implemented form within the mine

by utilization of standard mining methodology and implementation of a continuous

miner. The portals simply extended to an exposed coal outcrop in the head of Blind

Canyon. The outcrop originally had a 4 ft overhang made up of an overlying sandstone

seam approx 12 ft thick. The coal being of a more erosive nature then the sandstone is

incised into the slope. The toe of the coal outcrop is composed of broken ledge rock and

lies on approximately a 70 pct slope. The nature and location of the outcrop precludes

surface access by any means other than foot. Due to this, they are suitable for an

escapeway in the event of a catastrophic closure of the existing portal area and is strongly

supported by Co-op's safety personnel as well as M.S.H.A

B.C. 5M-2 810U02



The three accidental breakouts are the result of outcrop material caving into the

entries adjacent to the portals.

The portals are supported by roof bolts, which extend into the sandstone rock

above the coal. Where necessary, bolted matting will be used to minimize sluffrng of

rock. The intake portal will be closed with a cement stopping for later use. The intake

portal will be closed with a cement stopping for later use. The stopping will prevent

access of people as well as large animals, which could theoretically utilize the portal for

denning. The fan portal will contain an escapeway door on the fan motor housing, which

will only allow access from within the mine. A "No Trespassing" sign will be posted

outside the portal. Accidental breakouts large enough to allow entrance into the mine will

be fenced and stoppings built to prevent access into the mine.

Surface disturbance is minimal due to the nature of a continuous mining machine

pulling the material into the mine. To meet MSHA requirements, a small pad,

approximately 30 ft. by 60 ft., will be used in font of the portal forthe fan structure. This

will require the movement of approximately 240 cu. yds. Of material, which will be

placed in a dry area inside the mine. Upon reclamation, the material pulled into the mine

will be replaced (see Figure 5M-1). Bonding includes reclamation of the portal. No

vegetation exists on the coal outcrop, which will be impacted. Coal debris, which

crumbled and fell down the slope during portal construction had been retrieved by hand

to whatever degree is reasonable. It is important to note that due to the exposed nature of

the coal seam, there is eroded coal presently on the slope.

B.C. 5M-3 8t0U02



The drainage form above the portal is minimal due to the size of the impacted

area next to the portal. Any water falling on the pad will be contained with a berm. This

area of the mine is dry, and no water will be discharged from the portals.

RECLAMATION

It is anticipated that the reclamation can be accomplished form within the mine by

removing all support structures. An LHD will be used to replace the pad material. AD-z

Class Crawler dozer will be utilized to push non-combustible fill into the portals for a

minimum distance of 25 ft. A seal will be installed as pictured in Chapter 5, Figure 5-3.

The natural appearance of the canyon will be re-established with only the sealing of the

portal due to the total lack of vegetation on an exposed seam.

Minimal adverse impacts are anticipated to the surrounding environment. Surface

water will not enter the mine due to the overhanging ledge and dip of the coal seam at

this point. Also, this is a dry area of the mine, so no mine water is anticipated to be

discharged from the portal. If water were to be encountered, Co-op would take whatever

action was necessary to contain this water within the mine.

There are no raptor nests present within a half mile of the portal as noted on Co-

op's most recent raptor survey.
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When the fan is installed there will be an increase in noise anticipated in the area,

but due to the constant nature of the fan related noise the impact should be minimal. In

order to reduce disturbance during periods of construction, work will not be

accomplished during elk calving period or deer fawning periods. Vegetation and forage

loss is not anticipated due to the absence of vegetation on an exposed coal seam.
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APPENDIX 5-N

SHOWERHOUSE WASTE DISPOSAL SYSTEM
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SHOWER HOUSE WASTE DISPOSAL SYSTEM

The shower house facilities are designed for a capacity of 120 persons. It is estimated

that the flow rate will be approximately 25 gallons per day per person (Uniform

Plumbing Code, Append ix I ). This gives the total flow rate of 3,000 gpd.

The waste disposal system will consist of a sewage line, which will drain into a

septic tanko and a disposal field for the wastewater. The size of the septic tank shall be at

least 3,375 gallons in capacity as required in R3l7-5-2.2 (R317-5, Utah Administrative

Code).

The disposal field will consist of three absorption trenches. The dimension of the

trenches will be 3 ft wide by 100 ft long by approx I I ft deep. Each trench will be

constructed in the following manner: 6 ft min of large rock for disposal area (3"-12"

md), 8 inches min of y2"-2 ll2" md gravel contained the disposal field inlet pipe, a straw

barrier above the gravel and minimum of 3 ft fill above the disposal field. This will allow

a minimum area of 4,600 sq ft for percolation. This area provides an adsorption capacity

of 10,120 gallons per day, with a safety factor of 1.84, nearly twice the required capacity.

An estimated percolation rate of 2.2 gal per sq ft was used in calculations (R3 I 7 -5-3.2

(A)). Upon excavation, actual percolation tests will be performed.
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The disposal field will be located a minimum of 100 ft form Bear Creek, as shown

on Plates 5-28 and 7-l B. Due to the restricted amount of area, the disposal field will be

located beneath the parking area. Adequate fill will be placed above the disposal field to

prevent any impact on the parking area (settling, etc).

Prior to construction, necessary permits will be obtained form the Utah Pollution

Control Committee. The wastewater disposal system will be constructed in accordance

with all applicable state federal regulations.
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SEDIMENT MATERIAL

Overthe life of the mine, sediment from the disturbed area will accumulate in sediment

ponds ooA", o'B" and "C". In order to comply with requirements for available runoff

storage, sediment materials will be removed from the ponds and taken to the sediment

pond waste storage area shown on Plate 5-2C. Because the Trail Canyon Mine site

(ACT/O1 51021) is a reclaimed site, sediment material removed from the Trial Canyon

sediment pond will also be taken to the sediment pond waste storage area shown on Plate

s-zc.

The following items apply to placement of the sediment (fill) material:

a. The sediment pond storage area lies within the disturbed area and all

runoff passing through the area will pass through required sediment

control structures (Plate 7- l).

The disposal area is only moderately sloping and very stable with an

overall slope of approximately lx: 6h. This slope will be maintained.

The sediment pond fill material will be taken form the pond and placed in

horizontal lifts not to exceed 24 in. The material will be compacted to

reduce erosion. During the life of the mine the total depth of the material

will not exceed 4 ft in any one location.

b.
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g.

d. Due to the nature of the site the material will be covered with coal storage

for most of the calendar year. This will help improve and maintain

stability and increase compaction.

The fill shall be inspected by a qualified professional or registered

professional engineer during placement and compaction of fill materials.

A certified report will be provided to UDOGM within two weeks after

each inspection. A copy of the report will be retained at the mine site.

As the pond is being cleaned, temporary sediment material storage will be

in the area shown on Plate 5-2Cl along the road and truck loading area.

While located in the temporary storage area two composite random

samples will be taken and tested following the laboratory methodologies,

and constitutions analvzed as listed in T'able 5()- | .
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Parameters Heported As Suggested Methods

pH

Electrical
Conductivity (ECe)

Saturation
Percentage

Particle Size
Analysis (texture)

Soluble Ca, Mg and
Na

Sodium Adsorption
Ratio

Selenlum

mmhos/cm 25oC

o/o SdDd, silt,
clay

me1/l

SAR calculated
from soluble Ga,
Mg&Na

mdKg

ASA Mono, No. 9, Part 2, (2 ed),
1982. Method 10-3.2,
page 171. Perform pH on
saturated paste,

ASA Mono. No. 9, Part 2 (2 ed),
1982. Method 10-3.3,
pages 172-173.

SP = 1OO(total wt of
water)/ (wt of ovendry soil). Wts
of water and soil known when
making a saturated paste.

Hydrometer method. Black
et al. 1965. Methods of soil
analysis. ASA Mono No. 9,
Part 1, method 43-5,
pages 562€66.

ASA Mono. No. 9, Pail 2,
(2 ed), 1982. Method 10-3.4.
pages 173-174.

Extraction by ASA Mono, No. 9,
Part 2 (1 edi, 1965. Method
90-32, page 1122. Analyze by
Hydride generation for M or
lCP. ASA Mono. No. 9, Part 2
(2 ed), 1982. Method 3-5.5,
pages 59-61.

%
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Pararneterc Reported As Suggested }lethub

Total N

Nitrate-N

Boron

Ma,ximum Acid
Potential

Neutralization
Potential

Organic Carbon

Exchangeable Sodlum'

Available Water
Capacity

ASA Mono. No. 9, Part 2
(2 ed), 1982. lvlethod 31-3,
pages 610-616.

ASA Mono No. 9, Part 2 (2 ed),
1982. Methods 3.9*4.1, pages
643-645; 33-8,3, pages
679-682 or Sims J. R., and G.
D. Jackson. 1 977 . Soil Sci.
Soc. Am. Proc. 35:603-607.

ASA Mono No. 9, Part 2 (2 ed),
1982. Method 25-9.1, page 443
for extraction and Method 25-5,
pages 443446 for analysis.

US EPA. 1978. EPA -
60012-78-054. Method
3.2.4, Page 51.

US EPA. 1978. EPA -
600/2-28-054. Method 3.2.3,
page 47.

ASA lrlono No, 9, Pad 2 (2 ed),
1982. Method 29-3.5.3, pages
571-573.

ASA llono No. 9, Part 2 (2 ed),
1982. Method 13-4.4. Daoes
238-241. Using Flame' 

v

Emission and uslng extractates
in method 8-3, pag-e 152.

USDA SCS Soil Survey
lnvestigation Report No. 1,
Method 4C1, page 24.

%

mdKg

myKg

iMn

%

%

o/o
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Parameters Reported As Suggested }lelhods

USDA SCS Soil Survey
Investigation Report No. 1,
Method 38, Page 18.

Acid/Base Account AB = Totat Neutralizing Potential minus Total Acid
Potential.

*lf samples. have a SAR .greater than 12 tor glay fextured soils or greater than
15 for sandy texlured soils, then exchangeable sodium 7" should be analyzed.

| 146R01-?2

Bock Fragmenls % Volume
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#4 Mine Auxiliary Portal

This portal is located in the left fork of the right fork of Bear Canyon. Itwill
primarily be used for water monitoring access to seeps and springs located in the area that
are nonnally inaccessible during winter months. If needed in the future this portal could
also be used for intake ventilation to facilitate adequate ventilation across the working
faces. Although this is not one of the MSHA required escapeways, in the extremely
unlikely event that miners are unable to use either the primary or secondary escapeway,
they could be evacuated through this portal. Although C. W. Mining does not anticipate
this occurring if it did miners would be transported from the portal opening by helicopter.
Access to this portal from the outside is similar to access to the Blind Canyon Portal
described in Appendix 3-I and this portal is also strongly supported by C. W. Mining
safety personnel as well as M.S.H.A.

Construction

The construction and reclamation of this portal will be similarto the Blind
Canyon portal just the the uses are similar. The portal will extend to a coal outcrop that is
covered by soil ranging from 0 to 3 inches in depth. The portals will be 6 to 8 feet tall, 9
to l8 feet wide and wi[[ be supported by roof bolts which extend into the sandstone rock
above the coal Where necessary additional support will be used and may include matting,
screens, cribs, timber, and metal canopies. The portal will be closed with a stopping
which will prevent unauthorized access of people as well as large animals which could
theoretically utilize the portal for denning. A "No Trespassing" sign will also be posted
outside the portal.

The topsoil will be removed from the area by hand and placed in a pile next to the
anticipated opening. It will then be transported to a dry location underground once the
portal is established. Surface disturbance will be minimal due to the nature of a
continuous mining machine pulling the material into the mine. Any soil material that is
pulled into the mine will be placed in a dry area inside the mine and will be stored for
reclamation. Any coal or waste material which might crumble and fall down the slope
will be retrieved by hand to whatever degree is reasonable.

The drainage from above the portal is minimal due to the size of the impacted area
and the fact that the portal opening will be on a natural crest causing the water to flow
away from the portal. In the event that any water does flow down in to the portal a berm
will be constructed by hand above the portal opening to facility the flow of water around
the portal opening.
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Reclamation

Reclamation will be accomplished from within the mine similar to the Blind
Canyon Portal. The topsoil material being stored in mine will be placed outside next to
the portal opening. Fill material will then be hauled through the mine and backed filled
to a depth of 25 feet using underground equipment such as skid loaders and scoops. A
perrnanent cement seal will then be built in the portal. The topsoil will be spread with
underground equipment as much as possible before the hole is completely sealed. After
the portal is sealed the remaining topsoil work will be done by hand. For revegetation
seeds and erosion control matting will be hauled in by hand and placed over the disturbed
atea.
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R645-301-600 Geology

R645-301-610 Introduction

This chapter describes the general geological conditions of the permit and adjacent areas

and identifies whether the conditions are acceptable for recovery of the coal by underground

methods.

R645-301-611 General Requirements

Descriptions of the geology within and adjacent to the permit area is given under R645-

301-620 through 627.

R645-301-612 Cross-Sections Maps and Plans

All cross-sections, maps, and plans as required by R645-301-622have been prepared and

certified as described under R645-301-512.100
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R645-301-620 Environmental Description

Regional and Structural Geology

The mining site lies at the base of an erosional escarpment that forms the eastern face of

the Wasatch Plateau, a subdivision of the Colorado Plateau physiographic province. East of the

Wasatch Plateau is Castle Valley, a relatively flat area over 80 mi long and 10 mi wide trending

northeast-southwest. East of Castle Valley lies the San Rafael Swell, a great upfold marked by

rings of hogback hills and intervening valleys.

The Wasatch Plateau is a high, broad, flat area dissected by numerous streams. The high

plateaus of Utah, which include the Wasatch Plateau, are thought to be a transition zone

containing geologic structures common to both the Colorado Plateau Province and the Basin and

Range Province to the west.

The C.W. mining site is located near the east central edge of what is known as the

Wasatch Plateau coalfield. The plateau edge is a steep cliff with a maximum relief of about

1,000 ft, coal outcrops appear in the canyon walls and along the cliffs. Rock types at the site are

late Cretaceous in age and are generally composed of gray sandstone of fine to medium grain,

interbedded with subordinate gray and dark gray carbonaceous shale and coal present with

continental and/or transitional sediments. Marine sediments occur below the sequence and are

exposed to the east of the escarpment in the Castle Valley.

6-2 8/0t/02



Table 6-l gives the generalized statigraphic sequence and unit description of the

Wasatch Plateau. The oldest rocks are of the early upper Cretaceous age. The major commercial

coal seams occur in the Black hawk formation and are of Campanian age.

Structurally, strata in the Eastern Wasatch Plateau generally dip southerly (sometimes

slightly southeast of southwest) at low angles of I to 3 deg. Locally, near faults, the dip

increases to about 20 deg. Three major north-south trending fault zones have been defined in the

Wasatch Plateau Coal Field (Figure 6-l). Each zone is the product of a high angle block fault

with extensive minor fracturing within the graben. The Joes Valley Fault is the largest zone. As

shown in Figure 6-1, the zone lies several miles west of the Co-Op permit area. The Pleasant

Valley Fault Zone is vertical with between a few ft to 100 ft displacement (Doelling, 1972),

although greater displacement occurs locally. The Bear Canyon #1, #2, #3, and #4 Mines

operate within this fault zone. The North Gordon Fault Zone, which occurs near the eastern

boundary of the Wasatch Plateau field, is the least extensive of the zones. The trends of the

faults have a complex pattem. Displacement is generally less than 800 ft (see Plate 6-l for a

larger scale view of faults within the permit area).
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TABLE 6-1 Generalized Section of Rock Formations. Wasatch Plateau Coal Fieldt
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Figure 6-1 Principle Structural Features in the Wasatch Plateau
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Plate 5-3 shows the topography of the area. The permit area is generally rugged, with

elevations varying from 7,000 to about 10,000 ft above sea level. Slopes in the vicinity of the

permit areavary from more than 210 pct (65 deg) east of Star Point to less than 4 pct (2 deg) on

Gentry Ridge.

Stratigraphy

All of the geologic formations exposed on or adjacent to the permit area are Cretaceous

members of the Mesaverde group, with the exception of the North Horn Formation, which is

Tertiary ('l'able 6-l & [jigure 6-l). The minable coal seams are located in the Upper Cretaceous

Black hawk Formation.

Mancos Shale

The Mancos Shale, which underlies the Mesa Verde group ('fable 6-l), consists of

interbedded shale and sandstone members. The uppermost member of the Mancos Shale,

directly underlying the Star Point Sandstone, is the Masuk Shale (Doelling,1972). The Masuk is

a dark gray marine shale with thin, discontinuous layers of gray limestone and sandstone (Stokes,

1964).

The Masuk is a soft unit in its exposures but usually forms part of the cliffs rising to the

top of the Wasatch Plateau. To the West, it changes faces and joins with the Emery and Star

Point sandstones (Doelling, 197 2).
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Star Point Sandstone

The Star Point Sandstone, the basal formation of the Mesaverde group (Doelling, 1972),

is light-colored, fairly well sorted marine sandstone of medium to fine grain (Spieker, 1931).

North of the Wattis Canyon area the Star Point Sandstone divides into three tongues.

To the South, the tongues are essentially fused into one massive cliff-forming unit. The

Star Point becomes thicker to the southeast, ranging from 400 to 460 ft near the eastern edge of

the lease area to 600 ft or more near the central part of Huntington Canyon (Spieker, I 93 I ).

Descriptive core logging of the Star Point Sandstone was conducted in three in-mine drill

holes installed in 1992 as part of a hydrogeologic evaluation (EarthFax Engineering, 1992).

During the investigation, it was revealed that the Star Point Sandstone beneath the permit area is

comprised of three separate sandstone units (in descending order: the Spring Canyon, Storrs, and

Panther Tongues) interbedded with two mudstone units (inferred to be tongues of the Blue Gate

member of the Mancos Shale). The core logs from the in-mine drill holes are shown in

Appendix A.

Black hawk Formation

Overlying the Star Point Sandstone is the coal bearing Black hawk consisting of

alternating sandstone, shale, and coal beds, with thin beds of argillaceous freshwater limestone

occurring occasionally. The sequence represents deposition alternations between liuoral and

lagoonal sediments. The formation is approximately 1,000 ft thick, with the valuable coal seams

located within the lower 400 ft (Doelling, 1972). The sandstone beds are fine to medium-grained
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(Spieker, l93l). The sands of the Black hawk are generally cemented by calcium carbonate or

silica, with the exception of a few localized areas in which the cement is almost entirely clay.

Iron is also present in the cement of all but the pure white sandstone (Spieker, l93l).

An exception to above mentioned sandstone is the Aberdeen Sandstone, a coarse-grained,

white sand that is traceable from the northern part of the Wasatch Plateau coal field southward to

the northwest slopes of Gentry Mountain (Spieker, l93l). The generally discontinuous nature of

the Black hawk and apparent low specific water yield (Cordova, 1964) indicates thdt the water

yielding capabilities of the Black hawk is only of local importance.

Three general types of shale, all continental in origin, have been identified in the Black

hawk formation (Spieker, 1931): ordinary clay shale, carbonaceous shale, and smoke-gray shale.

The ordinary clay shell is gray or green, granular, and normally soft at the outcrop; the

carbonaceous shell is brown to black, massive, and laminated; and the smoke-gray shell is tough

and leathery, and in its unweathered state is hard and homogeneous (Spieker, l93l). Shale acts

as an effective barrier to the vertical movement of water within the Black hawk Formation.

Therefore, a significant portion of the water that reaches the Black hawk probably percolates

downward until it reaches a shale layer, which causes horizontal movement to the surface or

another "drain" (i.e. sandstone finger) within the formation.
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Castlegate Sandstone

The Castlegate Sandstone, generally considered the basal member of the Price River

Formation (Spieker, 1931) consists of massive, highly resistant medium to coarse-grained

sandstone beds containing, in places, conglomerate with a matrix of grit (Doelling, 1972). It is

thought to be of marine origin (Paul Wier Company, 1977). Although the Castlegate overlies the

Black hawk Formation, it appears barren of coal in the plateau lease area.

Price River Formation

The lithologic characteristics of the Price River Formation and the underlying Castlegate

Sandstone are similar; however, the castlegate member is differentiated from the Price River

Formation in that it consists of medium to coarse-grained sandstone beds with occasional lenses

of shale. Although the unit has a high porosity, its apparent low permeability (Cordova, 1964)

reduces its water yielding capabilities except through fractures.

North Horn Formation

The youngest geologic formation within the permit area is the North Horn Formation,

which caps Price River Formation on Gentry Mountain (Doelling, 1972). The North Horn, the

lowest member of the Wasatch Group, consists of variegated shale's, irregular beds of gray,

browno or cream colored sandstone of various textures, and thin beds of steel-gray and cream

colored limestone (Spieker, 193 l).
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Geology of Coal and Adjacent Units

Multiple coal seams are found in the lower 350 ft of the Black hawk Formation. In

ascending order the seams are as follows: Hiawatha, Blind Canyon, Bear Canyon, upper beds,

and the Tank Seam (Table 6-2).

Small rider seams also exist interbedded in the black hawk formation. The majority of

these seams occur between the Bear Canvon and Tank Seam. which are often referred to as the

"Upper beds."

None of the coal lies at depths of more than I ,800 ft. in the study area. Depth should not

be a limiting factor in mining.

It was noted in the field that strata situated at elevations consistent with the upper beds

structural horizon were badly burned and not of economic importance, with the exception of the

Tank Seam, which has an average thickness of 7 feet in the permit area, but disappears to the

North.
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Table 6-2 Coal Beds, Lower Huntington Canyon

LAYER FT
TANK SEAM 0-8

Interval 220-250
BLIND CANYON BEDS 0-14

Interval 40- l  t0
HIAWATHA 5-8

Interval 5-8
STAR POINT SANDSTONE

The Tank seam outcrops locally in the Southern portions of the study area. Drilling in

the Bear Canyon Mine indicates minable thickness within the permit area. Drillhole logs are

found in Appendix 6-,4. The seam, a member of the upper beds of the Black hawk formation,

achieves minable thickness only in the Southern portions of Bear Canyon and Fish Creek

Canyon. Drillholes North of the study area have shown the Tank Seam to be nonexistent to the

North.

The Blind Canyon and Bear Canyon seams were measured and observed at various points

in the study area by the author. However, these seams were traceable only locally in Bear

Canyon. Limited traceability of these two seams is attributed to the lenticular nature of the

seams, the extent of slope debris acting as a cover and/or depositional irregularities. H. H.

Doelling indicates the Bear Canyon seam is present in Left Fork of Fish Creek Canyon (east of

Bear Creek Canyon) with a thickness of 6.5 ft. However, this measurement was not verified in

the field, possibly because this particular exposure has since been covered by slope debris.

A small adit approximately 50 ft in length and interpreted as penetrating the Bear Canyon

seam (measurement M-5), and a longer adit approximately 300 ft in length and interpreted as

penetrating the Blind Canyon seam (measurement M-7), were discovered in Bear Creek Canyon,
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Section 24, Township 16 South, Range 7 East. The full extent and history of these workings is

not known. The fact that these two seams are not traceable for any significant area beyond these

old workines indicates the subordinate nature of the Bear and Blind Canvon seams.

The Bear Canyon Mine is located in the SW l/4 of Section 24, Township 16 South,

Range 7 East. Two seams were worked there, the upper of which was the Bear Canyon seam

(elevation 7,340 ft). This interpretation is based on the seams stratigraphic position above the

Star Point Sandstone. The Blind Canyon seam apparently has pinched out or has been replaced

in this locality. The mine lies on the west side of the Bear Canyon fault. The presence of the

Hiawatha and Bear Canyon seams at the mine lend credence to the author's opinion that these

seams are probably present across canyon to the east where they were not traceable nor

measurable due to slope cover.

The Hiawatha seam was identified throughout the majority of the study area based on its

stratigraphic relationship with the underlying Star Point Sandstone. The Star Point Sandstone is

continuous and conspicuous within the area covered by this report. The Hiawatha seam was also

measured in Left Fork of Fish Creek Canyon Doelling states that "extensive mining under

Gentry Mountain (a short distance due north of Bear Canyon) reveals that the Hiawatha is

continuous in the anticipated thickness". Where identified and measured, the Hiawatha seam

achieved minable thickness in all but one instance (3.3 ft-measurement M-2). However, recent

drilling has demonstrated that the Hiawatha seam is not continuous through this area. Mining

and drilling in the Hiawatha seam has identified several large sandstone channels and scours

which have rendered much of the Hiawatha seam unminable in the vicinitv of Bear Creek and
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Fish Creek Canyons. Specific work accomplished is shown on the Hiawatha seam Isopach map

(Plate 6-15).

Structure

Structurally the strata in the Wasatch Plateau generally dip southerly (slightly southeast

or southwest) at angles of I to 3 deg. Three major north-south trending fault zones have been

defined in the Wasatch Coal Field. Each zone is the product of a high block fault with extensive

minor fracturing within the graben. The Bear Canyon Mine is located in the Pleasant Valley

Fault Zone. The vertical displacement varies between a few ft and 200 ft plus. A major fault

separates the Bear Canyon Mine from the Trail Canyon Mine. (Note: Geotechnical sections are

located in Appendix 2-A and the mine is mapped on Plates 5-1A.5-lB, and 5-1C).

Displacement on this particular fault is estimated to be 220 ft. During the mining of the Blind

Canyon Seam several minor faults were discovered in the Trail Canyon Mine. These faults may

affect the mining of other seams.
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R645-301-621 General Requirements

All of the geological formation exposed on or adjacent to the permit area are Cretaceous

members of the Mesa Verde group, with the exception of the North Horn Formation, which is

Tertiary. The minable coal seams are located in the upper Cretaceous Black hawk Formation.

General Stratigraphy

The exposed geologic column, in ascending order, consists of the Mancos Shale, the Star

Point Sandstone, coal-bearing Black hawk Formation and the Castlegate Sandstone Member of

the Price River Formation. All of these Geologic units are Cretaceous in age. The Star Point

Sandstone through the Price River Formation composes the Mesa Verde Group in this locality.

The Mancos Shale forms the initial steep slopes rising from the washes which in turn are

overlain by the initial cliff-forming Star Point Sandstone described in R645-30I-620.

The Black hawk Formation is composed of alternating sandstoneso shales, mudstones and

coal representing marine, transitional and terrestrial varieties of sedimentation. Depositional

environments of the Black hawk Formation include littoral, lagoonal, estuarine and swamp type

environments. The Black hawk outcrops to form a step and slope topography slightly less

resistant than the Star Point below and the Castlegate above. Multiple coal seams are found

within the lower 350 ft of the Black hawk.

The Castlegate Member of the Price River Formation makes up a massive, resistant cliff-

forming unit above the Black hawk.
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Structure

The Bear Canyon Fault, which is part of the north-south trending Pleasant Valley Fault

Zone, marks the eastern boundary of the permit area. Displacement on this particular fault is

estimated by C.W. Mining to be 200 ft+ in the vicinity of Bear Creek Campground on the north

side of State Highway 31. The west side of the fault is down relative to the east side. Strata

immediately bordering the fault are disturbed and inconsistent in spatial attitude with equivalent

strata in the study area east of the Bear Canyon fault. This will no doubt have a limiting effect

on the extent to which coal can be mined in the immediate vicinity of the fault. Strata east of the

fault are nearly horizontal in attitude providing excellent mining conditions.

The Blind Canyon Fault, also part of the Pleasant Valley Fault Zone, marks the western

boundary of the mine area. Displacement on this normal fault is estimated to be 220 feet, west

side down.

Coal outcrops slightly lower in elevation in the southern portion of the area than in the

northern portion.

Small faults noted in the field along outcrops were interpreted to be largely of non-

tectonic origin (e.g. landslide and slump) by C. W. Mining. Other faults observed did not

express displacement of sufficient magnitude to prohibit mining.
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No geologic conditions exist within the permit area, which will obstruct or inhibit

reclamation activities. The affects of the geologic structures on groundwater movement are

discussed in Appendix 7-N, Section 2.4.3.

R645-301-622 Cross Sections Maps and Plans

622.100 Elevations and Locations of Core Samples

The elevations and locations of test borings and core samplings are given in Appendix 6-

A. Additional drill hole logs can be founding in Appendix 7-A.

622.200 Nature Depth and Thickness of Seam to be Mined

This is shown on Plate 6-3 ('l'ank Searn), Plate 6-7 (Bear Canyon Seam), Plate 6-ll

(Blind Canyon Seam), and Plate 6- 15 (Hiawatha Seam).

622.300 Coal Crop Lines and Strike and Dip of Coal Seam

This is shown on Plate 6-4 (Tank Seam), Plate 6-8 (Bear Canyon Seam), Plate 6-12

(Blind Canyon Seam), and Plate 6- l6 (F{iawatha Seam).

622.400 Location of Gas and Oil Wells

There are no gas or oil wells within the permit area.
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R645-30L-623 Geologic Information

623.100 Acid or Toxic Forming Strata

Copies of test results from coal samples taken within the permit area are included in

Appendix 6-C. The coal quality is shown on page 6C-2. Analyses for acid- or toxic-forming

materials in the coal, roof, and floor rock are shown on pages 6C-7 through 6C-21. Table 2-4a.

lists the parameters to be tested for in roof, floor and mid-seam analyses. Coal and rock sample

locations are shown on Plates 5-1. Engineering and material properties of the coal and

surrounding rock are discussed on page 6C-22.

623.200 Geologic Information to Determine Reclamation

Geologic information to assist in determining whether reclamation can be accomplished

is discussed in R645-301-724.

623.300 Geologic Information Pertaining to Subsidence

Geologic Information to assist in preparing the subsidence control plan is given under

R645-301-332 (Anticipated Impacts of Subsidence), 645-301-525 (Subsidence Control Plan).
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R645-301-624 Additional Geological Information

624.100 Geology in Permit and Adjacent Areas

This information is siven in R645-301-620. R645-301-621. and R645-301-724.

624.110 Cross Sections and Maps and Plans

This is addressed under R645-301-622

624.130 Literature and References

Geologic Literature and references are given in R645-301-620.

624.200 Removal of Strata

Does not apply.

624.300 Test Boring

In 1992, C. W. Mining Company drilled 3 in-mine test holes through the Star Point

Sandstone to the top of the Masuk Shale. These holes are shown on Plate 7-4 as DI'l-l A, DII-Z,

and Dl'l-3, and were later completed as monitor wells. The test holes, shown in Appendix 6-A,

revealed the Star Point Sandstone beneath the permit area to be comprised of three separate

sandstone tongues interbedded with two mudstone units inferred to be tongues of the Bule Gate

member of the Mancos Shale, referred to as Mancos No. I and Mancos No. 2. ln 1993. Df{-3

was abandoned due to pillaring activities, and was sealed in accordance with R645-301-631. It

was replaced by Dt{-4, shown on Plate 7-4.
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Spring Canyon Tongue. The Spring Canyon Tongue of the Star Point Sandstone, the uppermost

unit, is 88 feet thick at DH-I, 103 feet thick at DH-z, and 98 feet thick at DH-3. It is generally

light gray with minor dark minerals, but varies from dark gray to white. The grains range in size

from fine to medium, and are moderately well sorted, subangular to subround, and well

cemented with calcium carbonate. The unit is generally moderately- to well indurated. Bedding

is variable through the unit, from massive to laminated, with muddy zones and partings and

locally dense bioturbation. The contact with the overlying Hiawatha coal seam of the Black

hawk Formation is abrupt; the lower contact with the Mancos No. I mudstone tongue is

gradational.

Storrs Tongue. The Storrs tongue is 96 feet thick at DI{- 1A, 105 feet thick at D[{-2, and 120 feet

thick at DF{-3. It is generally light gray to dark gray, with minor dark minerals. The grains

range in size from very fine-to-fine, and are moderately well sorted, sub angular to sub round,

and well cemented with calcium carbonate. The unit is generally well indurated. Bedding is

variable through the unit, from massive to laminated, with muddy zones and partings and locally

dense bioturbation, particularly in the lower portion of the unit. The contacts with the overlying

Mancos No. I and underlying Mancos No. 2 mudstones are gradational. The Storrs Tongue

Sandstone is generally finer grained, denser, more highly indurated, and less permeable than the

other two Star Point Sandstone tongues.

Panther Tongue. The Panther Tongue is 105 feet thick at DH-l A, 88 feet thick at DH-z, and97

feet thick at DH-3. It is generally light gray with minor dark minerals, but, like the Spring
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Canyon and Storrs tongues, varies from dark gray to white. The grains range in size from fine to

coarse, and are poorly to moderately well sorted, round to sub round, and poorly cemented with

calcium carbonate. The unit is generally poorly to moderately-well indurated, and locally

friable. Bedding is variable through the unit, from massive to laminated, with muddy partings

and local bioturbation. The contact with the overlying Mancos No. 2 mudstone is gradational;

the lower contact with the Mancos Shale is abrupt. The Panther Tongue sandstone is less dense,

coarser-grained, less well cemented, less indurated, and more permeable than the Spring Canyon

and Storrs tongues.

Additional drill hole information is given in Appendix 6-,4 and Appendix 7-A. A

chemical analysis of the coal seam is found in Appendix 6-C.

624,340 Properties of Clay

No significant amount of clay was detected in the samples analyzed. (See Appendix 6-C)
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R645-301-630 Operation Plan

R645-301-631 Casing and Sealing of Exploration Holes

Drillholes DH-IA, DH-Z, and DH-3, were completed as monitor wells in 1992. The

completion of these wells are shown and described in Appendix 7-N. DH-3 was abandoned in

1993 due to pillaring in the location of DH-3. It was replaced by DH-4, shown on Plate 3-4A.

DH-4 was drilled into the Spring Canyon Member of the Starpoint Sandstone in January of 1994

and was also completed as a monitor well. The drillhole logs and well completion diagrams for

these four wells are included in Appendix 7N-G. All exploratory boreholes drilled by C.W.

Mining will be sealed as described in R645-301-529. Holes will be closed and sealed in

compliance with all applicable state and federal regulations.

R645-301-632 Subsidence Monitoring

A Subsidence Monitoring Plan along with a map showing the location of monitoring

points (Plate 5-3) is given in Chapter 5 under R645-301 -525.
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Appendix 6-A

Underground Test Hole Core Logs
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Appendix 6-8

Columnar Outcrop Sections
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Figure 6P-2 Columnar Outcrop Sections,
Emery County, Utah

Lower Huntington Canyon,

0
t

Lr l - . t ia  t t t r

l r  a r
C rr rot
t l r r

t iarat ra St lD

l o '
t

t . J ! ' r r t . e t x a

1.o . .  t i  r r
t t '

.  t t '

. O '

trr ' r

-b  EXPIAt IA f  l7h . -

f f t r o
( a t r t  t
! t l r

Cual 3691,1
tLLVAttcx

\ \
\

t l r t .

tl trrrl
c a r r o t
3l ar

S, |hus:urc

S r a l g

!iltd*^.r.ous

f iu l | f  L. rAL .

Coal ResoureeSanders Explorat ion, LTD.,Reference 3
Evaruationr Bear creek canyon Area, .rune, 19g0.



Figure 68-2 Columnar Outerop Sections,
Emery County,  Utah (cont)

Lower Huntington Canyon,
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Columnar Outcrop Sect, ione,
Emery County, Utah ( cont )
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Figure 68-3 Descr ipt , ion of Blackhawk Format,ion
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7f i) ' to 1,0o0-f ixt l  t t t t i l , less resislnlr l  lhnrr lhe rrrr i ls lhnl corr lairr
l l ,  cnttsisls of i t l lert t :r f  i l rg s[rpc- urt l  cl i l ' f . f i rnrr irrg rrrr i ls (f lgrrre (r).
l 'hc'  cl i fr- l i rnrr lrrg slrrr lsrorrcs ere gener:r l ly yelkr*. |ruy .rr ." l i l  t  o.gr,,y
Ott freslt  sttr l i rces nltr l  rvc'nl lrcr lo sftnrl t ts , t f  tnrr.yci;11w or bro1.rr.  l r t
phces lhey :t lc rc_rft felret l  fry t l re rr:r lrrr:r l  htrt i , i , ,g gf rrclr6y c.:r l
seal l ls- Snrrrfs :rrc f ine- l tr  l t tet l iurrr-grairrcr l  nrr, l  , . 'c i terrted by eit l r t ,r
cnlci le r lr  si l ica. Jn o fcrv plar:es they nre nrgi lhcr:nrrs. lrqrr cp6ls l1c
cerrrcrr l .  ( lccrslonalfy rhc lrorr hns beerr icnclrr 'd by orgnrric acir ls
firrrrr c'vcri'g srvrnrps nrrd rhe sl'ttsr.re ls rvhlte-

- Slolts5 o[ lhe f irr t t tnl f trn arc rrrnde of vnrirrrrs fypes .f  s6nle "
I t t t l  c r ln l . ' l ' l re  shn lcs ,  con l i r r r - . ;1g1t  ln  pr ig i r t ,  cp l r : :as l  g l - t l t iee k i r r r ls :
cl iry sfrrr lc- s( l f t ,  gr i t l l t t l : tr ,  t !r i ry lo grccn irr color rrrt t l  lhe rtrosl
c ' r l111r , r t t '  c i l l l ronacc, r rs  shr t le  i r r  v r r ior rs  shn, lcs . f  b l . rv r r  ar t t l
black; and stt tokc gray sfr ir le trsrr:r l ly associalcd rvi lh the co:r l .

Other slrnh Inclrrt le f i lahlc shnley s:rrrt lstones" rrsrrnl ly l frhr nrrr l
f fnl) ' ,  t l tnf nre eerrrerr let l  loosely iry calciurrr carborrale. lrr  sotrrc
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Snt t t ls lo l te . "  l r r r l  Yor l rg  (  1q55,  p .  l t i - l )  re t le f i t re t l  l f re  f tnse ns f  [e
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every\ ' l tete $ 'h i le<l lped. . . l ) iv is lon (of  s l r  r r rcnrhr. is f  is  possi6fe orr ly  q, lere
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Coal and Rock Characteristics
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44  .  g -45 .0

3 .8 -  5  .8

0 .5 -  0 .5

Io ,  g4o- I3 ,530

3 .9 -  5 .3
40 .2 -14 .7

39  .2 -49  .  3
l i .  r r  I  ; . . 1

0.5 -  0 .5

l I  ,7  00- r3  ,  og0

0 .7  - I t .o

36 .3  -45 . {

39 .3  -52 .7

3 .3  - l l  . 2
0  .29 -  J  . l

I I , 52 l - I3 ,500

(Aprea Doeuur NG, I1TZ)
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COMMERCIAL TESTINO & ENGINEERING GO.
OENEAAL OFFICES: 22t NORTH LA AALLE STFEET, CHICAGO, ILLINOIG O0601 AiEA CODE g'2 72G-!.9.

r-

Uerta*n DrvrsroN MANAGER ^il. pLEAsE ADDRESs ALL @RREgpoNDENcE To:LLoYD w. rAYLoR. JR. 
ZIE 

10775 EAsr sllt AvE-,"P.fIFt,"33LPr"1?9;

\ GX)P }TINStrG COMPAil{Y
) Box No. 3oo

Hr:nLingiton, Utah 84528

Jr:ne 25, 1979

{

Sample identification
by

Kind of sample
reported to us

Sample taken at

Sample taken by

Date sampfed

Date received

Floor Rod<

tooco(

O-OP l4ining Co.

)ooccK

?24-79

GOP l,[ining Oo. 
4ra-r

Sanple lifir. 57-2L62 (Clen nelper) ;'

C0{P ltlli.ne No, 2
Huntington Carrlzon

,O
Analysis report no.

SOTL AI{AIYS$

72-82650

r*I

Sodiurr

Calciun

Mangesir-un

Sodirnr adsorytion Ratio
*ff*-r.r.-. <i-'r-*'5

gzrite (as S-CaCO: eQ t/f0007

Sand I

silr t

Clay ?

8 .4

5 .4

,5r

4 .4

0 ,0

55

26

9

Respectfully submitted,
COMMERCIAL TESTING & ENGINEERING CO.

&"&.fu
G. D. PALMER, Manager, DCniei Laboratory

@P/vt
Original Copy Watermarkad

For Your Protection

atLLtNcs, HT . BllMlNOl{Afri, AL . CHARLESYOT{, wv. GLAFK3BUFG,wV. CLEvCllxD. OH. DENV€R,co. GOLOEI.CO. HELPER, UT. HENoEnSON. rV. JASPER,aL r MIDDLESaOf,O;kY

i l O B I L E , A L . X E I U B E T H L E H E i l , P A T I I I E W O R L E A I { S , L A . ! { O n F O L K , V A . P A L I S A D E , C O . P I K E V I L L E , K Y . S A L I H A , U I  . S O . H O L L A i l O .  I L o T O L E O O , O H o V A N C O U V E R , B . C . C A N .

Chrrlc? Mcmbrr



COMMERCIAL
GENERAL OFFIGES: 226 NORTH LA

TESTING &
SALLE STREET, CHICAGO,

ENGINEERING CO.
fLLfNOIS 60001 AREA CODE 3r2 726-84C1

FESTERN DIVISION MANAGER
LLOYD W. TAYLOR, JR.

PLEASE ADDRESS ALL CORRESPONDENCE TO:
10775 EAST 51st AVE., DENVER, COLO.80239

oFFtcE TEL. (303) 373-4772

June 25, 1979

Sample identification
by

O-CiP }lining co. -..-".*-

Sarq>Ie No. 57-2L63 (Cten Helper)
GOP l[ine No. 2
Hr:ntingrton Carryon

@P MINING COI,IPA}IY
Box No. 300
Huntington, Ilb.atr

Klnd of sample
reported to us

Sample taken at

Sample taken by

Date sampled

Date received

Rmf bd<

xKtclo(

@-OP Mining Oo,

loooo(

5-14-79

Anafysls report no. 72-8266I

SOTI ANATYSIS

sI
Sodirm

Calciun

llagrresi* 
..-*_ -*_,ar. -

Sodiun Adsorytion Ratio

Qzrite (as S-CaOo3 eq t/1000T)

Sand B

silt I

CLay I

8 .7

l,2.5

,34

.76
;

15 .g

0 .0

:

:rit{iirtrlb.;-r-+- .*e. -+-k

o r, n, ̂FB/Yh ate rrn a r k'd
For Your Protection

^--n i
r---: : t

(2.*., .-  ._vc,\(

ffeffihlffi?)T
fftEDI-EilEItr

A z r ' | F - : . ? f l )

\\-r.E----.-//r
)\\4f,{t74,
\\'&-a'zf

t :- w m

Chertcr Mcmbor

Respectfully submitted,
COMMERCIAL TESTING & ENGINEERINO CO,

/,

&r!r&fu
G. D. PALMER, Manager, Denv€r Laboratory

AlrLlilOE, rT . AlntliFHAtl, AL . CHAnLEtTOfri,wlr. CTARKEUFO, $tvo CLEVELAilO, Ol{. DEltlvER. oO. GOLoEN. CO. H€IPEF, Ul . HEIIIDERSOTI, KY . JASPER, AL o MIODIES9ORO, KY

t l O S l l . E . A L . N E W B E T H T E H E M , P A . a { E w O R L E A N S , L A . N O R F O L K , v A . P A L I S A D E , O O . P I K E V | L L E . | ( Y . S A L l r l a , u Y . S O . H O L L A i l o ,  l L . T O L E D o . o H e V A I I | C O U V E B , S . C . c a N .



CO MMERCIAL TESTING &
oaxfrll otilctt; ut roltH tA tttLt llragt. crlcroo.

ENGINEERING CO.
[Ltrot3 g||r rlt^ coat ltl 7:]4...t.

ESTEFX OIVISIOH YA'{AGER

.IL O. rlfJrIl

- cc-oP l{Jl{DlG CC
b ?.o. Box 3oo' 

tlrurt.i.rr.3ton, Utah e4528

A
CEL

PL6A5E  OORESI ALL CORRES?ONOFNCE iC
22{ 9uuln Cergn Av.nur

fttct. Ulrn &aSC'
Phonr: (&lll 47.7:J(

Flarch 2, 1982

"... . i ' , $!. :.! ' :rCStinn
! . ,

Ci,-c4r lLidry (}r.

l 2

Klnd of lrnpl.
rlPonld to lE

SrtrrgL trlur rt

Srnglr lrtan Dy

Drtr srmplcd

CoaI

ro€

Co-og l{i'tti:rg Cc.

:Etco(

0lr rrrivcd 2-2*82

Anrlysis rcport nlt. 57-3990

$raRf pfapcyAlE AlnlYsis

ts Receivc

t teist:.rre
I Ash

Btu/]b
t Srrlfur

4.70
7 . 4 9

tze!1
0.{1

Fv Basis

rccc(
7 .96

13575
0.43 :l

;
.:

t Air Dry loss = 3.07
lbiSture, Ash-free Btu = 14733

Por.rrds of SO2 per 10-6 Btu = 0.53
t{oist,, t{ineral oac:er frec 3tu t = 14088

(3aseC on as rec'd misture)r
?ourrcs of 9rli.tr Fr L0-5 3tu = 0.32

RGorc;tully l|srnail.4

.;3/ii,

Qr{roo Cacv r{fr..tn tr.€
For Your Prortcrrcn

CCMTTEf,CIAL 1ESNXG T E}IGINE=3ING CC.

, 4  I  / . t  r
7484,^-

r!L.r{.rr.{ | .rrrar{.al .af.ruf| l !r l .F.Cual-ta.ru.Clf l t |r l rE.t.- ' . , t . t .dEla,-.{ iLan1/eo.-art l l ,ut. t l ' .a!- t t . . .rral-. tr .- .r i .

r a f o r r - a t r o . a t . I t | . a  r r r l . l L l t g t { l  t a . r t t O r r t . r a  \ 1 . - C l D € a l . Y a . . a s a L a a  t ! . a a r n r l  a l . L a l . g t . L  p . r . -  r a . t c . l B O  ( t r . r . ( U v l r a  a . C . 6 .



COMMERCIAL TESTING & ENGINEERING CO.
r: tN..rv\L orFrcEs rr19 50utx H€xLAr.0 ^vr..  surft  t10 0. Lo{e^r.o. t \uNols 601.8. t3r2t 95J 9troo

J ^ v g  3 i , L O O t {
M A N A 6 E R
souTHw€s7 0lvlsloN

eo{P fuNIr.tG cct{PA$r
' P. O.s.rx 3oo' Huncirqtcn, UEah E4:28

4{L
pLgAsE ̂ooR€ss aLL coFRESToNo€NC! ;O.

u.  s.  cAn8oN AvE..  FRlcE. UT !1.s0r
oFFrcE  ?EL-  (80 r |  537- ; t  0

il:venber Io, 1983

Sempla iclentilicrtion
by

@-OP ltining

Be=r Ca$.\rcrt
iliaratha Senr

Kino ol samgle
reporleo to us

Samgtc tlhcn at

Sampte nren by

Date samplcd

Oate received

Ccaf

Bear erycn

coq ltinir:.r co.

rcm(

U-1-83

Anelprs rlport no.37-l{270

SifRf tOXIttAlE AI.TALYSIS

t lb isture
t Asn

Btu/1b
t Srlllur

As FecelveC-
- ^ -

, 9 1
.  a  J -

9 .  53
11541
0 . 5 0

D'rv Sasis

xxxxx
10 .37
I2545
0 .54

I Air Dry ioss - 5.03
Hoiscure, lsfr-free Btu : i{ l0g

Por*is of S02 per 10-5 Btu = 0-85
$oisc, t l inerai naEier free Btu r z \2ggz

(Based on es rec'd ooisturele
Founcis of tulfur ?er l0-5 3tu - 0.43

I Resiir.sl rrciscure 3 3.0?

Otror,r; l l  CJuv W:lt .rrrt . l l  l t<l

F u r  Y O u r  i t ( , l r g l r o , l

.8/q

a F A N C T {  L t a O F r ? C P  l e S  S ? e a ; = ' 3  l C ^ L L Y

T t O E f r ,  r i E i  A N O  G A F A ;  r : z S S  2 C R ? S .

M$agat. .tncf Uoorato?v
g\rrr. .  t lan,g
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A N O  e l v E F l  L O a O  I N G  F a C t L r t t E S
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COMMERCIAL TESTING & ENGINEERING CO.
cENEBAL OFFICES: 1919 SOUTH HIGHLAND AVE.. SUITE 21o.-B, LOMBARD,lLLlNOlS60148 . (312) 953-93OO

Member of the SGS Group (SociJtd Gdtdeb dc Surveillencr)

-  
P .  O.  Box  300
Huntlngton, UT 84528

PT€AsE ADONEES AU. @RRESPONDENCE T(t
P.O. 80X 1(I!0, HUI{T|NOTOI{, UT t45A

TELEPIICNE: (Sl) 05S231 I

. I u l y  26 ,  1989

Sample ldentilication
by

Co-op

Co-op
North Bottom
1 bag
L3 .25  lbs ,
(amended results )

Sa , rne le :  CS-2B-

Kind of sample
reported to us COAI

Sample taken at Co-oP

Sampla taken by Co- oP

Date eampled

Date received I'laY 3 , 1989

Analysis report no. 59- t0097 2

SO IIr ANATYS IS

PH
Electr lcal eonductlvl ty
Saturatlon percent

Soluble calctum
Soluble magneslun
Soluble sodlum
Sodlun adsorptlon rat lo
ExchanEeable sodlum percent

Tota1 nltrogen
N ltrate- nltrogen
Organlc carbon
Eoron
Selenlum, total aval lab1e

Avallab1e water capaclty

7 .  5  un l ts
27 A0 umhos lem
4',1 .2

10.6?  meq l , /1
3.  06 meq/I
0 .83  nee / l
0 ,  31

<0 .01

t ,z8 f r
Q,42 ns /ks

67.  48  ?6
<0 .01  ns /Es

<'o '  1 PPm

4,94  ?6

(2,7 mmhos /en)

Original Copy Watermarked
For Your Proloction

F-4'{'tt

Reepectfully submned,
COMMERCIAL TESTING & ENGINEERING CO.

"*. wry
. Manager, Huntington t-aloiatory

OVER 40 BRANCH I-ABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
IDEWATER AND GREAT ITKES PORTS, AND RIVER LOADING FACILITTES



COMMERCIALTESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHL-AND AVE., SUITE 21O'8, LOMBARD, ILLINOIS 60148 . (312) 953-93OO

Member of the SGS Group (Saidrd Geh*de de Surveilance)

'  P .  O.  Box  300
Huntlngton, UT 845UE

PI.EASE ADDRES{I ALL @RRE9POiIDENGE TO:
P.O. BOX 1020, HUNTINGTON, UT t4528

TELEPHONE: (801) 659231 1

Ju I y  26 ,  1989

Sample identification
bY 

co-op

Co-op
North Bottom
1 bag
13 .  25  l bs ,
(anended results )

Sa rnp ' l e :  CS-28

Kind of sample
reported to us

Sample takon at

Sample taken by

Date sampled

Date received

COALr

Co-op

Co-op

l tay 3,  1989

Analysis report no. 59- 100972

SOII ANAIYSIs

l {ax. aeld potentlal
Neutral lsat lon potentlal

(acld potentlal based on total
sulf ur of . t4r6 would yleld an

Coarse f ragruents

Part lc le s lae analys ls:
Sand
s 11r
QLay

2 1. 6 tons CaCOS /t000 tons
36,2 tons CaCOB /rc00 tons

sul fur  af  0.  59fr ;  pyr l t lc
ae ld  po ten t la l  o f  4 ,4 )

69 .6  X

88 .4' l  , 6
4 .0

x
x
?6

Original Copy Watermarked
For Your Protection

F.1E4

I. vtl tAt-1
vtanagor, Huntington Laboratory

OVER 40 BRANCH LABOBATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,.
TIDEWATER AND GREAT IJKES PORTS, AND RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: 1919SOUTH HIGHLANDAVE..  SUITE2lO-8.  LOMBARD,lLLlNOlS6014a o (312)953-93oo

P.  O.  Box  300
Huntlngton, UT 84528

Kind of sample
reported to us C0AL

Sample taken at Co-oP

Sample taken by Co-oP

Date sarnpled

Date received l'lay 3 , 1989

Member of the SGS Ourp (Sod*e'Gdr*ale de Surveillancr)

FtE gE ADORESS A[r- OORRESFOIIfD€]{CE T1}
P.O. BOX IG!o, HUNTINGTON, UT E'siA

TEIIPI{ONE: (mll 65}231 |

r l u l y  3 1 ,  1 9 8 9

Sample identification
by

Co-op

Co-op
North-west Top
1 bag
12 .  0  Ibs .
(amended results )

Sa . rnp ' l e :  CS-17

Analysis report no. 59- 1009?3

SO IIr ANALYS I5

PH
Electr lcal conductlvl ty
Saturatlon percent

Soluble calc lum
SoIubIe magneslum
Solr.rble sodlum
$odlum adsorptlon rat lo
Exchangeable sodlum percent

Total nltrogen
N ltrate- nltrogen
Organlc carbon
Boron
Se1enlun,  tota l  aval lable

Avallable water capaclty

7  ,6  un t ts
1200 umhos /em
46.  4

2 ,32  meq/ I
0. I  1 meq,/I
1. 08 meq/l
0 .  86
0 .  01

1.  35 ?6
0 ,28  ne /Eg

75 .44  %
0, 19 mg,/RE
<0.1  ppm

4,  32  74

(L.Z nnhos /em)

Fespectfully su bmitted,
COMMERCIAL TESTING & ENGINEERING CO.

u4
Original Copy Watermarked

For Your Prolection , Manager, Huntington l-aborafory

OVER lo BRANCH LAEOBATORIES STRATEGICALLY L@ATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATER AND GREAT LAKES'PORTS, AND RIVER LOADING FACILITIES



COM]I , |ERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: 1919 SOUTH HlcHISNDAvE.,  SUITE 21O-8.  LOMBARD.ILLINOIS 60148 o (312)953-93OO

Memb€r of the SGS Orcup (soddiC G*t*als de Surveifiance)

P.  O.  Box  300
Huntlngton, UT 84528

Pt.EAgE ADDRESS AIT @RRESFONDEilCE TU
P.O. BOX t(Po, HUNnNOTON, UT EaSAt

TELEPHONE: (80r) Ess23l I

t l u l y  3 1 ,  1 9 8 9

Sample identification
by

Co-op

Co-op
North-rrest Top
1 bag
lU .  0  Ibs .
(amended results )

Samp le :  CS-17

Kind of sample
reported to us COAL

Sample taken at Co-oP

Sample taken by Co-oP

Date sampled

Date received FIay 3, lg8g

o Analysis report no. 59- 100973

SOIL ANALYSIS

PH
Electr lcal conductlvl ty
Saturatlon percent

Soluble calc lum
$o lut'Ie magnes 1um
Solnble sodlum
Sodlum adsorptlon rat lo
Exehangeable sodlum p€Rc€rrt

Total nltrogen
N ltrate- nltrogen
Organlc carbon

7 ,5  un l ts
lU 00 umhos /em
46.4

2. 3? rneql/I
0. I  1 meg,/I
1, 08 meq,1I
0 ,  86
0 .01

1 .35  4
0. ZB me,/kg

75 .44  W
0, 19 ng,/Iig
<0,  t  t rpm

4, 3?, 7(

(L.Z mnhos /em)

Boron
Se lenlum,

Avallable

total aval lable

water capaclty

Respectf ully su bmitted,
COMMERCIAL TESTING & ENGINEERING CO,

u4
Original Copy Watermarked

For Your Protection , Manager, Huntington ltboratory

OVER lo BRANCH LAEORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
IDEWATER AND GREAT LAKES'PORTS, AND RIVER LOADING FACILITIES



GOMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: I919SOUTHH|GHI-ANDAVE..SU|TE2lo-8,  LOMBARO,lLLlNO|S6014S.(312)9s3-93OO

Member of the SGS Group (socioti cehetde de Sunoiltance)

P.  O.  Box  300
Huntlngton, UT 84528

PLEASE ADDRESS AtL CORffiSPONDEI{Gt TO:
P.O. BOX 10a0, HUimNOTO{, uT 81{t28

TELEPTPNE: (001) E5$ef t t

Ju ly  31 ,  1989

Sample identificafion
by

Co-op

Co-op
North-west Top
1 bae
L2 .0  Ibg .
(amended results )

Samp le=  CS-17

Kind of sample
reported to us COA!

Samph taken at Co- oP

Sample taken by Co-oP

Date sampled

Date received t'taY 3 , 1989

Analysis repon no. 59- 100973

.SO IIJ ANATYS IS

!lax, aeld potentlal
Neutral lzat lon potentlal

(acid potentlal based on
sulfur of . L096 would yle1d

Coarse fragments

Part lcle slze analysls :
Sand
s  1 l t
Cfay

t7 .2 tons CaC03 /L000 tons
13,8 tons CaCO3,/1000 tons

to ta l  su l fu r  o f  0 .5S%;  ppr l t le
an  ac ld  po ten t la l  o f  3 .  1 )

97  ,7  ?6

90 .4
3 .6
6 .0

fr
x
%

Respectf u I ly su brnitted,
COMMERCIAL TESTING & ENGINEERING CO.

; t  W {A t-  l .  l . / l . r l

l'rlanager, Hunti ngton Laboratory

OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATEF AND GREAT I..AKES'PORTS, ANO RIVER LOADING FACILITIES
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COMMERGIALTESTING & ENGINEERING CO.
GENERALOFFICES:  l g lgSOUTHHIGHI .ANDAVE. ,SUTTE2 lO-B ,LOMBARD, ILL INOIS6014SO(312)953 .93OO

Member of the SGS Goup (SodCe Geire?ale de Sunnitance)

'  P .  O .  Box  300
Huntlngton, UT 84528

PTEASE ADDRESS ALL COffiSFC}NDENCE TO:
P.O. 80X 1(n0, HUNTTNGTON. UT 8452E

IEIEPHONE: (801) 65923t I

Ju l y  3  1 ,  1989

Sample identilication
bY 

co-op

Co-op
North-west l l lddle
1 bag
13 .  75  l bs ,
(amended results )

Samp- l e :  CS-1M

Kind of sample
reported to us

Sample taken at

Sample taken by

Date sampled

Date received

COAL

Co-op

Co- op

Hay  3 ,  1989

Analysis report no. 59- 100974

50 It  ANATJYS IS

PH
E1ectr leaI eonductlvl ty
Saturatlon percent

Soluble cale lum
Soluble magneslum
Soluble sodlrrm
Sodlum adsorptlon rat lo
Exchangeable sodlum percent

Total nltrogen
Nltrate- nltrogen
Organlc carbon
Boron
Selenlun,  tota l  aval lable

Avallable water capaclty

7 ,  6  un l ts
900 umhos /cm

48.  I

1.  I0 meq, / I
0. 97 mee,/L
1. 10 meg,/I
a .  92
0 .  09

1 .26  t r
0. 24 mr/kg

72 .58  ?6
0. 1 1 mglkg
<o '  1  PPm

4.7  96

(0.9 mmhos /cm)

Original Copy Watermarked
For Your Protection

F&

Bespectfully submitted,
COMMERCIAL TESTINC & ENCIINEERING CO.

lranager, Huntington Laboratory

OVER 40 BRANCH I.ABOMTORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TTDEWATER AND GREAT LAKES'PORTS, AND RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: I919SOUTHHIGH|ANDAVE. ,SUfTE2 lO-B ,LOMBARD, lLL lNOlS8O148 . (312)953-S3OO

Member of the SGS Group (Socide Ge'netae de Surrreitlance)

'  P .  O .  Box  300
Huntlngton, UT 845?,8

PTEASE ADORESS ALL COFRESN'i{DENCE TO
P.O. BOX 1020, HUNnNGTON, UT 84528

TET EPHONE: (EOt) 659291 |

Ju ly  3  1 ,  1989

Sample identification
bY 

co-op

Co-op
North-west t{ lddle
1 bag
13 .  75  l bs ,
(amended resul ts )

Samgr l e :  CS-1M

Kind of sample
reported to us

Sample taken at

Sample taken by

Date sampled

Date received

COAL

Co-op

Co- op

Dtay  3 ,  1989

Analysis report no. 59- 100974

SOIL ANALYS IS

PH
Electr leal conductlvl ty
Saturatlon percent

Soluble calc lum
SoIubIe magneslum
Soluble sodlum
Sodlum adsorptlon rat lo
Exchangeable sodlum percent

Total nltrogen
Nltrate- nltrogen
Organlc carbon
Boron
Selenlum, total aval lable

Avallab1e water capaclty

?,  5 unt ts
900 umhos /em

48.  I

1. I0 mee,/ l
0. 97 mee,/L
1,  10 mee/ l
0 .  92
0 .  09

! ,26  f r
A. ?,4 ns/ks

72.  58  ?6
0.  11  nE/W
<0.1  ppm

4,7  96

(0.9 mmhos /cm)

Original Copy Watermarked
For Your Ptotection

F46,-

Repeclfully submitted,
COMMERCIAL TESTING A ENGINEERING CO.

f ' Auuw
. trlanager, Hunlington Laboratory

OVER /|() BRANCH IJBORATORIES STRATEGICALLY LOCATED lN PRINCIPAL COAL MINING AREAS.
IDEWATER AND GREAT LAKES'PORTS, ANO RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING GO.
GENERAL OFFICES: r919 SOUTH HIGHI-AND AVE., SUITE 21O-8, LOMBARD. ILLINOIS 60148 . (312) 953-S3OO

Member of the SGS Group (SocadrC Gdrelals de Surveiilancc)

'  
P .  O .  Box  300
Huntlngton, UT 84528

PI.EASE ADDRESS ALL @RRESFONDENCE TO:
P.O. BOX 1020. HUNnNGTON. UT 8{tA

TELEPHONE: (E0l) 65$23t I

Ju ly  3  1 ,  1989

Sample identification
by

Co-op

Co-op
North-west t{lddle
1 ttag
13 .  75  lbs .
(amended results )

Samp 
- l  

e  :  CS-  1M

Kind of sample
reported to us COAIr

Sample taken at Co-oP

Sample taken by Co-oP

Date sampled

Date received [laY 3 , 1989

o

Original Copy Watermarked
For Your Protoction

F&

Analysis report no. 59- 1009?4

SO ITJ ANALYS IS

ltax. aeld potentla]
Neutral lzat lon potentlal

(acld potentlal based on
su l f  u r  o f  .2 t  e rou ld  y le1d

Coarse fragments

Part lc le s lae analys ls:
Sand
si l r
Ctay

22.2  tons  CaCO3/1000 tons
13. I  tons CaCO3 /L000 tons

tota l  sul fur  of  0.  7 1;  pyr l t lc
an aeld potentlal of 5. 6 )

94 .  5  ?6

89 .  5
8 .5
2 .0

?(
?6
?6

Respectf ully submitled,
COMMERCIAL TESTING & ENGINEERING CO.

L / l f  t A l_ "t l,/V
I Manager, Huntington Laboralory

OVER /O BRANCH I.ABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL @AL MINING AREAS.
IDEWATER AND GREAT I.AKES'PORTS. ANO RIVER LOAD]NG FACIUTIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: 1919SOUTH HIGHLANDAVE..  SUITE2lO-8,  LOMBARD,lLLlNOlS60148 o (312)953-9300

Member of the SGS Group (SociCC Gehdale de Suneiilancc)

'  P .  O .  Box  300
Huntlngton, UT 84528

PLEASE ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX tftIo, HUNNNGTON, UT E45A8

TELEPI{OiIE: (St) Gssagt 1

Ju Iy  3  1 ,  1989

Sample identification
bY 

co- op

Co-op
North-west Bottom
1 bag
L5 .26  I bs .
(amended results )

Sa , rnp le :  GS-1E}

Kind of sample
reported to us

Sample taken at

Sample taken by

Date sampled

Date received

c0At

Co-op

Co-op

l lay  3 ,  1989

Analysis reporr no. 59- 100975

50 IL ANAIYS IS

PH
Eleetr lcal conductlvl ty
Saturatlon percent

Soluble calc lum
Soluble magneglum
Soluble sodlum
Sodlr:m adsorptlon rat lo
Exchangeable sodlum percent

Total nltrogen
Nltrate- nltrogen
Clrganlc carbon
Boron
Selenlum, tota l  aval lable

Avallable water cspaclty

7 .4
2600
48 .  3

9 .  54
3 ,ZO
1.  08
0 .  43

<0 .01

L ,  23
0 .  16

67 ,73
0 .  18
< '0 .  1

5 ,  49

unlts
umhos /em

meg/1
meg,/1
meq./1

e6
W/IEE
?6
melke
pPm

x

(2. 6 nmhos /cm)

, :o
Origind Copy Watermarked

For Your Protection

F&

Respectlu lly su bnnittod,
COMMERCIAL TESTING A ENGINEERING CO.

tA , t  t  AJu" l
illanager, Huntington Laboratory

OVEF 40 BRANCH I.ABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,-
IDEWATER AND GREAT I..AKES PORTS. AND RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: 1919 SOUTH HIGHLANDAVE..  SUITE 21O.8,  LOMBARD, ILLINOIS60148 .  (312) 953.93OO

Member of the SGS Group (Sci*e Gdrdde de Sunoiltance)

PTEASE ADDRESS All. @FFESFONDEI{CE TO:
P.O. BOX 1020, HUNTINOTOI,I, UT 8454

TELEPHONE: (801) 65&?3i t'

JuIy  3  1 ,  1989
P.  O.  Box  300
Huntlngton, UT 84528

Kind of sample
reported to us COAt

Sample taken at Co-oP

Sample taken by Co-oP

Date sampled

Date received t'tay 3 , 1989

Sarnple identification
bY 

co-op

Co-op
North-erest Bottom
1 bag
15 .  25  l bs .
(amended resul ts )

Sa . rnp le :  CS-18

Analysis report no. 59- 100975

SO IIJ ANALYS IS

Hax. aeld potentlal
Neutral lzat lon potentlal

(acld trotentla1 based on
sulf ur of . 23?6 would yle ld

Coarse fragments

Part lc le s lze analys ls:
Sand
s  1 l t
Cfay

e3.1  tons  CaCO3/1000 tons
30.0  tons  CaCOS/1000 tons

tota l  sul f  ur  of  ,7 4?6;  pyr l t lc
an aeld potent la l  of  7 .  Z)

77  ,4  ' 6

91 ,3
2 .7
6 .0

?6
ft
x

Original Copy Watermarked
For Your Proteclion

r  r .  t  t t t l

| /vl vvl
v l

Manager, Hunti ngton L"Uor*o.y

OVER /IO ERANCH LABORATORIES STMTEGICALLY LOCATED IN PRINCIPAL @AL MINING AREAS,
TIDEWATER AND GREAT LAKES.POFTS, AND RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES: I9I9SOUTHHIGHIANDAVE.,SU|TE2lO-B,LOMBARD,lLLlNOlSOOlztS.(312)953-93OO

Member of ths SGS Group (SodotC Gohatab de Survelilance)

'  P .  O.  Box  300
Hunt lngton,  UT 84528

Kind of sample
rePoiled to us COAL

Sampb taken at Co-oP

Sample taken by Co- oP

Date sampled

Date received MaY 3 , 1989

PLEAT'E ADOREGFI AIT CORRESPC}NDENGE TO:
P.O. BOX 1@0, HUNNNGTON. UT 84528

TEIEPHONE: (801) t5&23t I

JuIy  26 ,  1989

Sample identification
bY 

co- op

Co-op
North Top
1 bag
16 .  0  Ibg .
(amended results)

Sa .mp ' le :  CS-27

alysis repon no. 5g- 1009? 0

SO II, AHATYS IS

PH
Electrlcal condlrctlvlty
Saturatlon percent

Soluble eale lum
Solub1e magneslum
So1uble sodlrrm
Sodlum adsorptlon rat lo
Exchangeable sodlum percent

Tota1 nltrogen
Nltrate- nltrogen
Organle earbon
Boron
Selenlum, total aval lable

Avallable water eapactty

8 .  0  un l t s
600 umhos /em

48 .0

0 .65  meq , / I
0. 6 1 meq,/l
1. ? 0 meql,/ l
z,  L4
1 .  86

L ,42  X
0. 17 mg,/kg

73 .67  J6
0. 07 tfrg,/kg
<0 .1  ppm

4.  65 ?6

(0.6 mmhos /em)

o Respeclf ully su bmitled,
COMMERCIAL TESTllilG & ENGINEERIIIIG CO.

Manager, Hunlinglon Laboratory

OVER /IO BRANCH TABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MININO,AREAS,.
TIDEWATER AND GREAT I-AKES PORTS, AND RIVER LOADING FACILITIES

Original Copy Watermarked
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COMMERCIAL TESTING & ENGINEERING CO.
GENERAL OFFICES: 1919 SOUTH HIGHI-AND AVE., SUITE 21O.8, LOMBABD, ILLINOIS 601218 ' (312} 953.93OO

Member of the SGS Group (SocidtC Gchctate dc Survcillance)

o*"'o

co-oP t'tINE
P.  O.  Box 300
Huntlngton, UT 84528

PLEASE ADORESS AtL @RRESPIONDENCE TO:
P.O. BOX 1@0, HUNnNGTCI'|, UT S4528

TELEPI{ONE: (E0t) 6ssAil l

J u l y  2 6 ,  1 9 8 9

Sample identification
bY 

co- op

Co-op
North Top
1 bag
16 .  0  lbs .
(amended results )

Sa , rnp ' le=  CS-2T.

Kind of sample
reported to us

Sample taken at

Sample taken by

Date sampled

Date received

COAL

Co-op

Co-op

t'lay 3 , 1989

Itlax. acld potentlal
Neutral laatlon potentlal

Analysis report no. 59- 100970

SO IL ANATJYS IS

19,  1 tons
5.  0 tons

CaCOS/1000 tons
CaCOS/1000 tons

0.5 l f f  -  py r l t le
2 .2 )

(Acld potentlal based on total sulfur of
sulfur would yleld an acld potentlal of

Coarse fragments

Part le le s lze analys ls;
Sand
s  1 I t
Clay

98 .4  %

97 .1
1 ,  g' 1 .  0

x
26
?6

Odginal Copy Watermarked
For Your Protection

F&

3fffi?g"t?E$i*u e ENGTNEERTN. co.

LAl L/L/* f

rr lJrratiaala^ I .x^-i.rldnilcr. Hunti nglon Laboratory

OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MIN]NG AREAS, -
TIDEWATER AND GREAT LAKES'PORTS, AND RIVER LOADING FACILITIES



COMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICESI I919SOUTHHIGHI. .ANDAVE.,SUITE2lO.B.LOMBARO.iLLINOISEO14S'(312)953-93OO

'  
P .  O.  Box  300
Huntlngton, UT 84528

Member of th€ SGS Group (Soctdb'Geinelate de Surwittmco)

PTEASE ADDRESS ALL CORRESPONDENGE TO:
P.O. BOX r@0, HUimNGTON, UT 84528

TETEPHONE: (el) E5e?31 |

Ju ly  26 ,  1989

Sample identification
bY 

co- op

Co-op
North Fllddle
1 bag
1? .  5  l bs .
(amended results )

Samp  1  e :  CS-  2M

Kind ol sample
rePorted to us COAL

Sample taken at Co- oP

Sample taken by Co-oB

Date sampled

Date received ltay 3 , 1989

Analysis report no. 59- 100971

SOIL ANALYS IS

PH
Electrlcal conductlvtty
Saturatlon percent

Soluble calc lum
Soluble magneslun
Soluble sodlum
Sodlun adsorptlon rat lo
Exehangeable sodlum pereent

Total nltrogen
Nltrate-nltrogen
Organlc carbon
Boron
$elenlum, total aval lable

Avallable water capaclty

7  .8  un l ts
580 uruhos /em

47 ,8

0, 5 0 meq,/I
0. 36 meq,/I
0 . ' l2 meg,/I
1 ,  04
0 .26

1.  35  76
0. 06 ng/Eg

71 .  88  ?6
0. 11 mg,/kg
<0 .1  ppm

4, 6T ?6

( 0 , SB mnhos /cm)

a) Respectf ully su brnitted,
COMMERCIAL TESTINO & ENGINEERING CO.

'\i/ w /
',r,rdnaSot; Huntirrgton Laboratory

OVER 40 BRANCH IIBORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,
TIDEWATER AND OREAT I.AKES PORTS, AND RIVER LOADING FACILITIES

Orlginal Copy Watermarked
For Your Protection
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GOMMERCIAL TESTING & ENGINEERING CO.
GENERALOFFICES:  l 919SOUTHHIGHLANDAVE. ,SUITE21O.B .LOMBABD, ILL INOIS60148 . (312)953-93OO

Membet of the SGS Gtoup (Socidti c€?rddo de Surroilhnce)

'  
P .  O .  Box  300
Huntlngton, UT 84528

Kind of sample
rePorted to us COAII

Sample taken at Co-oP

Sample taken by Cct-oP

Date sampled

Date received ltay 3, 1989

PLEA{IE ADDRESS Att @RRESFONDE}.ICE TO:
P.O. BOX t@ro, HUltTtNOTOfrl, UT 8,t529

TELEPHONe €fi) 663'et11

, . Iuly 26, 1989

Sample identilication
bY 

co-op

Co-op
North lt lddle
1 bag
L2 .5  l bg .
(amended results )

Sa .mp le :  CS-2M-

Analysis repoil ro. 59- 10097 1

-O ITJ ANALYS IS

Itax. aeld potentlal 20. 6 tons CaCO3 /I0AO tons
Neutral lzat lon potentlal tL.2 tons CaCO3 /t0OO tons

(acld Botentlal based on total sulfur of 0.66ft;  pyrl t lc
o f  . l l f i  wou ld  y le ld  an  ac ld  po ten t la l  o f  3 .4 )

sulfur

Coarse fragments

Par t lc le  s lae ana lys ls :
Sand
51rt
Clay

94 .  1  ?6

90.4' l  ,6
e.0

%
?6
?6

Original Copy Watermarked
For Your Protection

F.464

Respectf ully su bmitted,
COMMERCIAL TESTING & ENIINEERING @.

ww /
- Manaar 

t

.}. 
? Managor, Huntlng[on Laboratory

OVER 40 BRANCH TABOMTORIES STMTEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS,.
TIDEWATER AND GREAT I-AKES PORTS, AND RIVER LOADING FACILITIES
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Rock rnass. or the overburden 
T Denr C*ynn lvtine site corrsist.s prertonrinarrtly of semclsrone r.rirhintennittent Inyers of shnle and sitt:;tone. Materinl propertles oLtained from tnboratory resrs o'cores obrnined fronr holes (Enst.B,.]-lVest, and Norih_lrtnin) drillc<l into rhe rrrirrq, rorlf are givenin Table L Tlrese nrnterlal pr.oprrries ,re well rviilrilr the range of properries r.vpicall.r, obrairredand reported for the conespon,ling gerreral class of rocks.

Table l: Nt*"rlrltllp*p.r',ies [ro'r core 'r'esdng

Rtick Type
Conrpressive

Strerrgilr
(psi)

Yotrrrg's
Modulus

(gtsi)

Poisson's
Rarlo

_----::=r?r_-

. 3  t o .4Coal 2,(ru0 to 3,000 4x lo't tn a.i.r l0i 
-

Shale 15,000 to 17.000 3x106 to 4.r106 ?. to .'l

3 t o .4Snndstone 7,00t) ro 12.000 3x106 to 4x106

It is rvell established dtat, for reelirtic analysis of srresses nnd clefonrradr)rrs in conl lnirres, ror:km0ss' coal, nntl tlte gob rnaterial propenies must he.properly arljustetl to accoult for rlre *rrl-lineiu behavior cnused by ;rhenotltenrt such as rvenk.itini due to inurretlinte roof cavlrrg, pillaryielding, and gob cornpaction (Kripnhov et aL. lggg). 
s

Based on a composite shatigraplrv. cornpresslve strength of individual layers given above, d.rill
cote quality, and water infusion; the overall rock..*slos assignea a noct lfasS Rating (RlvlR)
of 52 corresponding to rhe elassltication "Fair" (Tieniarvski; 1974). Table 2 shows-,h" g.o_
rnechanics clnssification of rock milss based on RMR. A visual inspection of the lnine susgesrs
that the rock rtlilss qualtry in genernl is good and the classification as fair may be treated on the
conservative side

Toble 2: Oeomeehanics Classilleation of Roclt lvtasses.

Class
Description of

Rock Mass
Rtv|R - Cunrulative
Ratirrg lrrcrernents

I V".y good rock E l -100
II Ciood rock 6 l-80
UI Fnir rock 4t-60
tv Poor rock 21-40
v Very poor rock o-20

Sinha,  Kt iehna P.  ,  Ph.D.  r  Ter raTekr  fne.  ,
Mather-natical Simulations to Evaluate Mining and
Roof Control Plan at the Bear Canyon Mirler TR93-09'
Augus t  ,  L992 .

+-F- , - - :_ '

Reference:
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R645-301-700 Hydrology

R645-30 l-7 l0 Introduction

This chapter discusses existing hydrologic resources and potential impacts resulting from

existing and proposed mining and reclamation operations. Hydrologic performance standards,

design criteria, plans along with methods and calculations and reclamations are discussed.

Cross sections, maps and plans required to be certified under these regulations have been

prepared by or under the direction of a qualified, registered, professional engineer whose stamp

and signature can be found on the individual document in question.

R645-30 l-7 20 Environmental Description

R645-301-721 General Requirements

Existing, premining hydrologic resources within

be affected or impacted by proposed coal mining and

discussed in the following outline.

the permit and adjacent areas that may

reclamation operations are defined and
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R645-301-722 Cross-Sections and Maps

722.100 SubsurfaceWater

Plate 7-4A shows the potentiometric surface for Spring Canyon. Plates 7-l0A and 7-10B

show the mine water surveys for the Blind Canyon Seam and the Hiawatha Seam respectively.

722.200 Surface Water

Plate 7-5 shows the affected watersheds. Plates 7-l show the surface hydrology.

722.300 Water Monitoring Stations

Plate 7-4 shows the location of all water monitoring stations.

722.500 Slope Measurements or Contour Maps

Plates 7- I show the existing land surface configuration.
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R645-301-723 Sampling and Analysis

All water quality analyses performed

conducted according to the methodology in

Examination of Water and lTastewater or the

samples will be analyzed by certified labs.

to meet the requirements of this chapter will be

the cunent edition of Standard Methods for the

methodology in 40 CFR Parts 136 and 434. All

R645-301-724 Baseline Information

724.100 Groundwaterlnformation

The scope of this study consisted of an investigation of the groundwater hydrology of the

Co-Op Mining Company (Co-Op) permit area (Plate 2-l), based on the Utah Division of Oil,

Gas and Mining (DOGM) permit application guidelines. Information on regional and site

groundwater hydrology and groundwater resources was compiled from:

l. Literature Review. Published and unpublished information on the geology and hydrology

of the Bear Creek area, including U.S. Geological Survey investigative reports and

personal communications, data from prior mining and engineering investigations in the

general area and groundwater and engineering data obtained by Co-Op, were reviewed.
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2. Site investigations. Water quality and quantity data was collected from springs, surface

seeps, mine roof seeps and sumps and groundwater discharge into drill holes in the mine

area, supplemented by published regional data. Stratigraphic sections, aquifer

characteristics and the affect of geologic structure on the groundwater regime in the

permit area were made on the basis of drill hole logs, drilled for this study, detailed

interpretation of geophysical well logs, conducted for this study, and on geologic field

mapping.

An outline for the groundwater-monitoring program for the Mine Plan area was then

made based on the results of our study, by assessing the impact of mining on the local and

regional groundwater hydrology. See Appendix 7-L for further information.

Regional Grou ndwater Hvdrolow

The occurrence, availability and movement of groundwater in the Mine Plan and

surrounding areas are controlled by structural, stratigraphic and topographic factors, with snow-

melt the source for most, if not all, of the groundwater in the Cottonwood-Huntinglon area

(Danielson, et. al., U.S.G.S., 1981). According to this report, available data for the study area,

which includes the permit area, indicate that the Star Point sandstone and the lower part of the

Blackhawk formation, are an extensive aquifer, with many of the large springs in the

Cottonwood-Huntington area, including Bear Springs, issuing from fault displacements of this

aquifer. Our studies indicate, however, that within the areas of in-mine wells DH-1A, DH-2 and

DH-3, separate and distinct aquifers exist in the Spring Canyon, Storrs, and Panther tongues of

7-4 8t0U02



the Star Point Sandstone (See Appendix 7-N), rather than one single aquifer within the Star Point

sandstone and Blackhawk formation.

A detailed hydrogeologic evaluation of the Star Point aquifers is included in Appendix 7-

N. General observations concerning the groundwater hydrology and geology of the permit area

and surrounding areas are presented in Appendix 7-J.

Existing Groundwater Resources

Groundwater occurs under both unconfined and confined conditions in the permit area.

The unconfined conditions occur as local perched zones within bedrock and as saturated zones in

shallow alluvial deposits along the main drainage bottoms and in the surficial soil mantle, and

are expressed as local seeps. Confined conditions occur at depth and are either fault controlled,

with the faults serving as channels and/or barriers to groundwater flow, or controlled by an

aquifer being overlain by an impermeable layer.

Data obtained from our investigations encountered perched water within the lower

portion of the Blackhawk formation. Mine roof seeps, however, do not exhibit seasonal

variation or response to precipitation and consist of persistent, relatively unvarying seeps or

infiltrations. The source of these seeps is apparently from larger, overlying perched zones,

exposed sufficiently by mining activities to allow slow drainage or possibly areas of joint

systems, sufficiently interconnected to provide a larger source area.
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Drillhole data also indicated that three separate aquifers exist within the Star Point

sandstone tongues. The investigation of these aquifers is presented in Appendix 7-N.

Fracture-enhanced permeability allows water to pass vertically through strata, which

would normally impede flow. Depending on the extent to which the fractures are interconnected,

vertical groundwater flow can be limited to a short distance, or it can extend to the regional water

table. Joint systems at the surface exhibit enlargement by weathering but, based on observations

within the mine, are expected to be generally closed or possibly non-existent with depth. Only

minor, localized diversion of flow within the mine is expected to take place through the joint or

fracture systems with no significant affect on regional flow patterns. The degree of rock

fracturing in the Bear Canyon seam and overlying mine roof rock is relatively low, based on

visual observations of the rock quality within the mine and general lack of mine roof over-break.

Outcrop examinations indicate the joint systems are not extensively interconnected.

Springs in the area, specifically Big Bear Springs, located next to the southeast corner of

the permit area, are the most significant water resource for the area. Mining activities have not

affected the volume or quality of the flow of these springs for the reasons discussed in the

following paragraph (See Appendix 7-J and Appendix 7-N).

Flows for the two major springs adjacent to the permit area, Big Bear Spring and Birch

Spring, as well as flows for two additional springs, Little Bear Spring and Tie Fork Spring, have

been included in Appendix 7N-D. Annual plots of the flows are shown in Appendix 7N-E. Plots

of the flow from Big Bear Spring show that peak flows during the period of 1980 through 1986
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occurred about one month later than peak flows at the Huntington gauging station. In the 1987-

1988 water year, the lag period between peaks in the stream and spring discharge is

approximately two months. This increase in lag time is attributed to a combination of lower

precipitation accumulations and shorter snowmelt period (See Appendix 7-N. section 2.7.3).

Because the period of record flows for Birch Spring is limited (Appendix 7-N, section 2,7.4),a

comparison of flows to Huntington Creek prior to 1990 cannot be made.

Aquifer Characteristics

Appendix 7-J, Section 4.0 discusses the groundwater aquifer characteristics in detail.

Plate 7-4 identifies the locations of springs and water monitoring points within and adjacent to

the Permit Area. A generalized stratigraphic section of the geologic units is shown in Appendix

7-J, lrigure 5. Plate 7J-l andTJ-2 show hyrologic cross-sections, which illustrate the projected

potentiometric surfaces within the permit areas.

Field measurements and drill hole data indicate the regional strike, dip and bedding

thicknesses are quite uniform within the mine permit area. Four drillholes were drilled

immediately North of the permit area and investigated by Savage Energy Services Corporation

(T- | , 2. 4, 5). Three additional drill holes were drilled by Co-Op in the same area (SDH- 1 ,2, 3).

Three holes were also drilled north of Wild Horse Ridge by Cyprus/Plateau (MW-114,116,117).

Lithology and water level information for all of these holes except MW-l 14 is shown on Plate 7-

9. Projections of bed elevations obtained from this drill hole data were in close agreement with

the equivalent bed elevations at the site, at a regional dip of approximately two degrees south.
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Evidence of low displacement (5 to 10 ft) faulting was observed within the mine in several

locations, as well as in many locations on the surface. Some of these low displacement faults

exist in the area around Birch Springs. Large displacement faulting (over 150 ft) is evident by

the Bear Creek fault or fault zone at the east margin of the Mine Plan area (Plate 7-4), and the

Blind Canyon fault, which bounds the western edge of the mine. The faults can significantly

alter the groundwater flow pattern of the area. A well developed, near vertical joint system is

evident in outcrops. Regional and site bedding dips are essentially south (1 to 2 degrees), with

an easterly component in the permit area.

The stratigraphic section is summarized below, beginning with the Star Point Sandstone

at the base, up through the North Horn formation, the uppermost unit exposed in the Mine Plan

area,.

1. Star Point Sandstone. Thickness = 350 ft: Consists of three tonsues of sandstone

interbedded with two tongues of the Mancos Shale. Contacts *itf, tfre-sfrale tongues and

with the underlying Mancos shale is gradational. A detailed geologic and hydrologic

description of each sandstone bed is described in Appendix 7-N, Section 2.5.

2. Blackhawk formation. Thickness = 825 ft; cyclicly interbedded, 65 pct sandstones, 20

pct siltstones and l5pct mudstones (volume percentages determined by geophysical well

log analysis for this study). Sandstones are of low to moderate porosity and generally

laterally discontinuous. The lower 100 ft. contains the commercial coal seams. Star

Point-Black hawk contact is conformable.
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3. Castle Gate Sandstone (lower member of Price River formation). Thickness = 175 ft;

fine to medium grained, thick bedded fluvial sandstone with moderate porosity (.22

calculated from geophysical well log data of drill hole T-5) and common solution

cavities. Castle Gate-Black hawk contact is conformable.

4. Price River (upper member). Thickness = 650 ft; thick bedded to massive, fine to

medium grained sandstone with low to locally moderate porosity, 40-50% mudstone-

siltstone interbeds. Price River-Castle Gate contact is conformable.

5. North Horn formation. Thickness = 1500 ft; predominantly shales with common lenses

and irregular beds of fine to occasional coarse sandstone, occasional erratic conglomerate

lenses and minor thin limestones. North Horn-Price River contact is poorly defined

(conformable).

Of the entire section above, the Castlegate sandstone, with few local exceptions, is the

most porous, with a porosity of .22, calculated from geophysical density logs conducted for our

study. From personal communications (W. Hull, Northwest Energy), zones of voids or open

fractures were common within the formation on drilling holes "I--1,2,4 and 5 and SDF{ holes 1.2

and 3 and extensive to total drill fluid loss characterizes the formation in the general area.

Depths to the drill fluid levels in the above holes ranged from 125 ft (in a bridged hole) to 400 ft

below the Castlegate base within a short period after drilling. These occurrences indicate that no

significant water was encountered in the formation and that secondary permeability due to void

and joints or fractures may occur in a near vertical direction.
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Porosity of the remainder of the section, with local exceptions of clean, fine to medium

grained sandstones, ranges from generally low for the fine silty sandstones predominant in the

section to very low or impermeable for the remaining siltstone-shale sequence.

Aquifer Storage

Quantitative data or published estimates are not available on the amount of water stored

in the rock units in the permit area. The Castlegate Sandstone does not appear to serve as even a

partially saturated aquifer, apparent from the lack of springs flowing from the formation within

the permit area. The Star Point sandstone contains three separate aquifers, as indicated by our in-

mine drillholes. All three of these aquifers are only partially saturated in the southern portion of

the permit area, and appear to be fully saturated in the northem portion of the permit area.

Aquifer piezometric surfaces are shown in Appendix 7-N, Figure 2-2. The Blackhawk formation

consists of approximately 30 pct of generally discontinuous sandstone layers, with some of these

occurring as perched, saturated to partially saturated zones. About one-third of the Blackhawk

has been removed by drainage development in the permit area, leaving approximately 625 acres

of this formation, in plan view, within the permit boundaries.

Assuming dry to increasing saturation with depth of these sandstone lenses and an

average 825 ft thickness for the Blackhawk and, assuming relatively impervious, remaining,

intervening silt to mudstone layers, a storage coefficient of 0.10 is assumed for the Blackhawk.

This results in a storage of roughly 55,000 acre-ft within the Blackhawk formation in the permit
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area. The initial interception of groundwater, expressed as roof seeps, by the mine workings was

approximately 3-Yz acre ftlyr.

In 1989, a significant amount of water was encountered in the I't North Section of the {l

Mirc Blind Canyon Seam, expressed as roof drips and flowing from roof fractures. Mining

eventually encountered the apparent source of this water, a significant channel sandstone, which

traverses East-West along the North end of the #l -n4irr-e-. The exact dimensions and

configuration of this channel is unknown. Isotopic dating of the water in this aquifer has

indicated the water to be approximately 1,000 years old. It is anticipated that Co-Op will

eventually dewater this aquifer. Surface and groundwater monitoring has indicated no hydraulic

connection between this aquifer and any springs in the permit area. To date, no impacts as a

result of this dewatering have been observed in any of the springs within the permit area.

Additional discussion on this channel is given in Appendix 7-J.

Isotopic dating of Big Bear Springs, as well as chemical analysis, has indicated that the

spring is not hydrologically to the mine water or the channel aquifer. Monitoring of Big Bear

Springs, as well as Birch Spring and the other springs within the permit area will continue in

order to ensure that no impacts due to mining occur. A description of the isotopic and chemical

data of the mine water and springs is shown in Appendix 7-J. In 1998, surface wells SDH-2 and

SDI"I-3 were sampled for baseline parameters and for isotopic dating. This information is

discussed in Appendix 7-J.
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Hydrologic information from monitor wells MW-I14, l16, and l17 indicate that the

uppermost tongue of the star point sandstone is unsaturated under Wild Horse Ridge. A detailed

discussion of this aquifer is given in Appendix 7-J.

Aquifer Recharge

Snow at the higher elevations provides the greatest source of groundwater recharge.

Deuterium analyses of groundwater in the region indicate that most, if not all, groundwater is

derived from snowmelt (Danielson et. al., l98l). The percentage of water derived from

snowmelt, which recharges the groundwater system versus that which runs off to stream flow is

controlled by the surface relief, the permeability of exposed strata, the depth of snow pack, and

the rate of snowmelt. Published precipitation contours for the area indicate annual precipitation

of l7 to l8 in./yr for the permit area.

Evapo-transpiration is estimated to be on the order of three to four inches annually

(Danielson, et. al., 1981). Surface runoff, based on a mean site elevation of 8200 ft and on the

generally deeply incised nature of much of the permit area and the predominance of south, east

and west-facing slopes, is estimated to be ll to 12 in./yr. These values correspond to estimates

by others for the general area (Intermountain Consultants, 1977).

Up to three inches average annual precipitation is thus available for recharge for the

1140-acre permit area, resulting in an equivalent 285-acre ff/yr. The large proportion of outcrop

versus total surface area of most of the permit area makes outcrop areas and drainage channel

7-12 8t0U02



alluvium the principal recharge sources, with the soil mantle becoming increasingly important in

the north part of the area.

Additional discussion on groundwater recharge is given in Appendix 7-J and 7-N, section

2.4.2.

Aquifer Water Quality

Results of baseline water sample analyses for the Bear Canyon fee area are presented in

'I'ables 
7.1,7.2 and7.3. The chemical characteristics of the ground and surface water in the

permit area are quite uniform with the exception of higher suspended solids content in the

surface water. It is noted that sulfate contents are lower in the Bear Springs samples while

surface water (Bear Creek), in contact with an appreciable section of the Star Point Sandstone in

its lower reaches, is relatively high in sulfate. Previous studies (Danielsen, et. al., l98l) indicate

water derived from the Star Point aquifer is higher in sulfate than the overlying units. This is

additional indication that the Bear Springs supply is not the Star Point-Blackhawk aquifer.

Baseline water quality data for the springs in and around Wild Horse Ridge and Federal

Lease U-024316 are presented in Appendix 7-M. The majority of the springs identified flow

from faults and joints in the North Horn and Price River formation. The chemical characteristics

of these springs are similar to the other springs within the permit areas. Spring WHR-6 (SBC-

l4), which issues from the Star Point Sandstone (Spring Canyon Tongue), displays sample

7- t3 8/0U02



results for TDS consistently over 1500 mg/I. This is similar to the quality observed in Well

SBC-3, and is typical of water quality from the Star Point Sandstone.

Appendix 7-M includes some water quality information for the McCadden Hollow

springs around Lease U-0243I6 for 1991 and 1992 and information form springs in the

Mohrland Area. All water quality information is also summarized in Appendix 7J-A, the PHC

document.

7-t4 8l0r/02
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Table 7 -2 W ater Quality and Flow Data, I 986 and I 987

I 
Stution: BC-l (Lower Bear Creek)

Flow Temp pH TDS TSS
gpm oc

Nit.Tot. Tot. Ca
Alk. Hard.

Mg Fe Na
(Tot.)

HCO3 SO+ Cl

u15t86 F
2/17/86 8
3t20t86 30
4/23/86 27
5tr3t86 49
6n5t86 6l
7/23/86 62
8/12/86 58
9/24t86 87
r0/01/86 5s
tl/22/86 F
12/10/86 F
l/05/87 F
2t06t87 F
3/26t87 30
4t07/87 47
5ll5l87 54
6^7/87 59
7lt5/87 39
8/26/87 42
9t24/87 36
10105187 47
n/05/87 33
t2/04t87 F

8.3
8.2 540
8.3 468
8.2 304
8.0 438
8.1 320
8.0
8.2
8.2 420

r,736
5,100 212
4,540 2r7
504 t94
512 184

780

193

2.4

4.5 253
2.2 265
3.0 237
2.9 224

0.0 253

23.3
375 51 60 13.6
274 52 35 60.0
265 56 31 9.r
282 37 46 1.55

r0.0
8.9
9.0
7.7

2.0

222 5.0 0.44
l8l 7.3 0.48
74 4.8 0.20
86 4.0 0.24
r07 4.3 0.26

t223.911 1 0

13.012.85 l2308 .1

8.4

8 .1

441

346

332

233

r49

131

6.0

2.0

5.0

60 3.37 9.0

s4 0.3 8.0

5.0 280

4.0 241

4.0 248

I 
Station: BC-2 (Lower Bear Creek)

0.67t2

9

Flow Temp pH TDS TSS Tot. Tot. Ca
gpm oC Alk. Hard.

Mg Fe Na
(Tot.)

HCO3 SOr Cl Nit.

l /15/86 F
2/17t86 26.2 2
3/20/86 39.8 2
4/23/86 40 2
5/13186 60 4
6n5t86 64 4
7/23t86 69 7
8tr2/86 47 8
9/24t86 90 4
f0/01/86 62 3
lu22l86 15 2
t2n0t86 F
U05t87 F
2t06t87 F
3/26t87 42.5
4t07t87 52 I
5lr5/87 67
6tr7t87 s8
7ll5l87 47
8t26t87 49 15
9124/87 43
t0/05t87 5l l0
lll05l87 43
12t04/87 I l 6

F = frozen

7.9
8.2
8.2
8.0
E. l
8.0
8.1
8.1
8.2
8. t

2s.5
55 8.68 I1.0
44 32.6 9.0
31 6.50 9.0
46 7.r8 7.8
37 4.38 l1 .0

455

338 51 6t 4.90 9.0

336 53 50 0.34 8.0

548 1,788
450 7.370 209 365 57
328 4,370 224 298 47
426 584 203 270 57
328 578 r84 279 36
400 294 210 326 70

4.s 253
2.5 26s
3.0 237
3.0 224
4.0 256

5.0 276

4.0 220

4.0 251

255

140

139

222 5.0 0.44
l8l 7.3 0.48
74 4.8 0.20
86 4.0 0.24
r07 4.3 0.26
t23 6.0 0.29

7.014.0l 8 . l8 l8 .1

l9 t

980

214

54

0.75

0.638.1 388

8.0 404

6.0

5.0

N/D = Not Detected

7-16

units in mg/l unless noted otherwise
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Table 7-2 Water Quality and Flow Data, 1986 and 1987 (cont)

BC-3 (Right Fork Bear Creek)

Flow
Gpm

Flow
gpm

l /  |  ) /60

2/17 /86
3t20t86
4t23t86
5lt3t86
6/15/86

Station:

Date Flow
gpm

U
D
D
D
D
D

uz5t60 l)
8112/86 D
9t24/86 D
10/0r/86 D
rr/22t86 D
12n0t86 D

SBC-I'(Mine Water)

Temp pH TDS TSS Tot.
oC Alk. Hard.

Tot. Ca Mg
(Tot.)

HCO3 SO4 Cl Nit.

l i l5 lE6uK 4
2/17/86UK 6
3t20t86UK 4
4t23t86UK 3
5/13/86UK 3
6tr5/86UK 8
7123/86UK 9
10/0r/86 uK 4
l/05/87UK 6
4t07/87UK 3
8/26t87UK l r

Station:

Date Flow
gpm

2.0
6.0
2 l
28
2.0

::_

SBC-2 (Portal Well)

8.1 280
8.0 272
8.3 266
8.1 272
6.0 382
8.0 380
8.0 364
8.2 290
8.0 306
7.9 416

6.0
1 .0
2.8

232 292 51 40 0.04
222 282 52 37 0.27
203 244 45 32 0.05
200 256 46 34 0.l l
254 280 42 43 0.05
194 309 63 37 0.14
2r5 296 62 35 0.05
27r 30r 67 33 0.05
275 305 42 44 0.3
269 394 91 42 0.14

4.0 3.0
5.0 2.0
5.3 1.7
4.6 1.8
5.0 1.0
5.5 2.0
6.0 2.0
4.0 1.0
5.0 1.0
5.0 4.0

3.0 0.09
2.0 0.02
3 .3  0 .12
7.7 0.19
4.0 0.39
5.1 0.27
6.0 0.09
4.0 0.23
4.0 r .2 l
4.0 0.46

232 49
222 52
241 48
244 50
310  30
236 tt7
262 85
330 32
335 28
328 r27

Date Flow
Gpm

l /u)/u /
2t06/87
3t26t87
4t07t87
5/15t87
6/r7t87

Station:

Date Flow
gpm

t)
D

D
D
D

i l r)t6 t t)
8t26t87 D
9t24/87 D
10/05/87 D
!t05/87 D
t2/04/87 D

SBC-3 (Right Fork Creek Well)

Date Flow
Gpm

trv)t6 t
2t06187
3/26/87
4t01t81
5/t5/87
6/r7/87

o=dry
F = frozen

L)

D

D
D
D

i l l ) t 6 t  u

8t26/87 D
9t24tE7 D
t0/0st87 D
1U05187 D
r2t04t87 D

UK = unknown units in mg/l unless noted otherwise'SBC-I 
is the same monitoring point as SBC-7

7-17

N/D = Not detected
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I so.ion'
Date Flow Temp pH TDS TSS Tot. Tot. Ca

gpm oC Alk. Hard.

Table 7-2 Water Quality and Flow Data, 1986 and 1987 (cont)

SBC-4 (Big Bear Springs Well)

Nit.Mg Fe Na
(Tot.)

HCO3 SO4 CI

3t20/86UK
4t23/86UK
5/13/86UK
6/15/86UK
7t23l86UK
9t24/86UK
l0/01/86
r/05/87UK
4lo7l87 42
8t26t87UK
9t24t87D
10t05t87

Station:

Date FIow

3 8.0 268
2 7.9 320
2 7.5 400
3 8.0 380
3 8.0 288
6 8.2 300
uK 5 8.0
4 8.1 294
2 8.1 272
12 8.0 264

22
3,840
1,590

:i:

SBC-5 (Birch Spring)

244 251 53
276 295 55
277 336 74
268 288 70
270 292 72
264 293 58

258 287
2s6 285 58
262 286 35
276 303 72

;;;
l 8
l 9
l l

296

29
38
J I

28
27
36
53
34
48
30

67

0.07 4.0 1.0
0.07 9.5 1.5
10.0 t7 1.4
0.08 4.0 L0
0.051 4.2 0.8
0.06t 5.0 t.0
38 0.051 4.0
0.25 4.0 1.0
0.15 5.0 1.0
0.18 4.0 1.0

J J  /

338
327
329
323
1.0
312
319
5 5  I

1 .0

40
79
t9
2r
25
3 1 5
30
J J

26

2.0 0.20
5.0 0.36
6.0 0.51
4.0 0.31
3.0 0.58
5.0 0.24
27 4.00.18
4.0 0.24
4.0 0.24
4.0 0.58

30 4.0----3384.00 .15 J3048.0UK

Nir.FeTemp pH TDS
oc Alk.

TSS Tot.
Hard.

Tot. Ca Mg
(Tot.)

Na K HCO3 SOr CI

7n5t87D2
8t26t87D2
9t24t87D2
t0t0st87
nt05t87
12t04t87

Station:

Date Flow Temp pH TDS
gpm oC Alk.

SBC-6 (COP Development Spring)

D2
D2
D2

TSS Tot.
Hard.

Tot. Ca Mg Fe Na
(Dis.)

K HCO3 SOr Cl Nit.

3t20t86D
4t23t86D
7t23t86D
8t12t86D
9t24t8612 9 8.0 45E --
10t0U86 2.4 6 7.3 362 ----
t/05t87 D
2t06t87D
3t26t87D
4t07t87D
5/15/87 D
6/17/87D
7^5t87D
8t26t87D
9/24t87D
10t05t87 D
rv05l87 D
12t04/87 D

' dissolved Fe

355 1.0 6.0 0.05
331 15.0 6.0 0.03

O = dry units in mg/l unless noted otherwise
UK = unknown

291 331
271 302

83 30 0.5 5.0 1.0
71 30 0.06 4.0 1.0

2 Flows measured at Big Bear and Birch Springs overflows
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Table 7-3 Baseline Water Quality Data - Annual Averages

Param.
BC.1
1995

BC.I
1988

BC-2
1988

BC-2
t995

BC-3
1988

BC-3
1995

Flow
Temp.
pH.
Cond.
DO
Settleable
TSS
TDS
Hardness
Carbonate
Bicarbonate
Ca
CI
Fe total
Fe Diss.
Mg
Mn total
Mn diss.
K
Na
Lab Cond.
Sulfate
o&G
AI
As
B
Cd
Cu
Pb
Mo
Nitrogen
Nitrate
Nitrite
Phosphate
Se
Zn

37
4.7
8.0
480
N/R
10.7
2,765
399
345
0.0
254
52
6.3
N/R
N/D
53
N/R
<0.02
J . J

8.8
N/R
150
N/D
<0.1
N/D
0.1 I
N/D
0.03
N/D
N/D
0.03
0.25
N/D
N/D
N/D
N/D

56
r0 .8
8.6
757
5.4
t7
3 ,618
468
372
16.8
1 ,019
53
6.8
26.4
N/D
58
0.7
N/D
4.3
9.8
7t0
148
N/D
N/D
N/D
0.20
N/D
N/D
N/D
N/D
<0.5
0.4
0.04
0.30
N/D
N/D

33.5
4.3
7.9
503
N/R
5.1
1,926
418
346
0.0
260
53
6.0
23
0.09
52
0.46
<0.02
3.4
8.4
785
150
N/D
0.1
N/D
0.10
N/D
N/R
N/D
N/D
0.04
0.27
N/D
<0.01
N/D
N/D

t74
12.3
8.5
643
5.6
2.5
l , l 9g
338
288
7.8
606
5 l
6.5
9.5
N/D
38
0.23
N/D
2.5
5.8
556
73
N/D
N/D
N/D
0.15
N/D
N/D
N/D
N/D
<0.5
0 .13
0.04
0 .19
N/D
N/D

N/D = Not Detected
N/R = Not Reported
<## = Average value is below the detection limit.
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Table 7-3 Baseline Water Quality Data - Annual Averages (Cont)

Param.
SBC-3
I 988

SBC-3
t995

SBC.6
1 988

SBC-6
1995

SBC-g' SBC-9
1988 1995

SBC-10' SBC-IO

Flow
Temp.
pH.
Cond.
TDS
Hardness
Carbonate
Bicarbonate
Ca
CI
Fe total
Fe Diss.
Mg
Mn total
Mn diss.
K
Na
Lab Cond.
Sulfate
o&G
AI
As
B
Cd
Cu
Pb
Mo
Nitrogen
Nitrate
Nitrite
Phosphate
Se
Zn

28.2',
9.4
7.3
3,987
2,230
I,508
3.3
462
574
34
2.9
N/D
250
0.13
<0.1
12.3
) )
2,496
1,308

N/D
<0.01
0.6
N/D
N/D
N/D
N/D
N/D
0.33
0.01
0.06
N/D
0.02

IT4
5.8
7.9
484
360
32s
0
335
77
4.4
0 .17
N/R
32
N/D
N/R
t .7
4.2
610
56.9

<0.1
N/D
0.07
N/D
0.03
N/D
N/D
0.11
0.07
N/D
0.18
N/D
0.19

151
10.8
7.8
484
330
317
4
342
74
5.3
<0.1
N/D
32
N/D
N/D
1.5
4.3
580
32.8

N/D
N/D
0.13
N/D
N/D
N/D
N/D
N/D
N/D
<0.01
0.01
N/D
N/D

237
8.8
7.5
638
359
336
0
338
85
12.5
0 .13
N/R
30
0.02
N/R
N/D
2.5
655
59.5

23
9.6
7.9
664
355
32s
7.5
315
72
7.0
N/D
N/D
35
N/D
N/D
2.5
4.0
581
48.5

N/D N/D
<0.002 N/D
0.0s 0.1
N/D N/D
<0.01 N/D
N/D N/D
N/D N/D
0.23 N/D
0.12 <0.1
<0.01 N/D
<0.01 0.015
N/D N/D
<0.01 0.01

NiD = Not Detected
N/R = Not Reported
<## : Average value is below the detection limit.
rTrace metals analyzed in total form.
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Table 7-3 Baseline Water Quality Data - Annual Averages (Cont)

Param.
sBc-41
I 988
6.3
6.7
7.9
300
292
294
0.0
3 1 9
60
4.7
N/R
N/D
3 5
N/R
N/D
1.0
4.0
N/R
27
N/D
N/D
N/D
0.43
N/D
N/R
N/D
N/D
0.09
0.26
N/D
N/D
N/D
<0.01

sBc-42 sBC-42 sBC-42 sBc-4
l99l 1992 1993 1994

SBC-4 SBC-52 SBC.52 SBC-52 SBC-5
1995 l99l 1992 1993 1994

SBC-5
1995

Flow
Temp.
pH.
Cond.
TDS
Hardness
Carbonate
Bicarbonate
Ca
cl
Fe total
Fe Diss.
Mg
Mn total
Mn diss.
K
Na
Lab Cond.
Sulfate
o&c
AI
As
B
cd
Cu
Pb
Mo
Nitrogen
Nitrate
Nitrite
Phosphate
Se
Zn

1 1 9  1 1 6
8.1  10 .4
7 .7  7 .1
483 568
381 331
347 367
1.3 0.0
3s2 338
84 93
7.8 13.6
0.15 0.03
N/R N/R
34 33
<0.01 <0.01
N/R N/R
4.3 0.3
4.9 3.6
550 636
65 48
<5 N/D
<0.5 <0.5
N/D <0.002
0.03 0.07
<0.005 <0.005
<0.01 <0.01
N/D 0.002
<0.2 N/D
0.19 0.07
0 . 1 6  0 . 1 9
N/D 0.05
0.04 <0.01
N/D N/D
0.04 0.13

28.4 25.7
11.6  14 .0
7.3 7.1
672 7t9
470 465
43r 409
N/D N/D
353 331
103 92
14.5 12.0
0.04 0.r2
N/R N/R
42 43
<0.01 0.01
N/R N/R
l . l  1 . 2
5.7 4.3
730 719
l4l  114
N/D N/D
<0.5 <0.5
<0.002 N/D
0.14 0 .12
<0.005 N/D
<0.01 N/D
0.002 N/D
N/D <0.2
0.01 0.02
0.13  37 .8
0.01 <0.01
0.03 0.02
N/D <0.002
0.04 0.01

22.8 20.9
l4. l  t2.2
6.9 7.1
533 385
438 482
385 392
NiD N/D
371 380
86 85
7.0 7.8
N/D N/D
N/D N/D
42 43
N/D N/D
N/D N/D
N/D 2.3
3.3 7.0
744 766
103 96
N/D N/D
N/D N/D
NiD N/D
0. 10 0.s l
N/D N/D
N/D N/D
N/D N/D
N/D N/D
N/D N/D
0.18 0 .10
<0.01 N/D
0.06 0.10
N/D N/D
<0.03 <0.01

l l 8
13.4
7.4
554
335
3 1 6
N/D
327
80
34.8
0.09
N/R
28
0.01
N/R
0.6
3.5
554
40
N/D
N/D
0.007
0 . 1 I
N/D
2.5
N/D
<0.2
0.05
0.24
0.05
0.01
0.003
<0.01

120
t4.3
7.4
404
312
292
N/D
323
70
) . 5

N/D
N/D
29
N/D
N/D
N/D

562
49
N/D
N/D
N/D
<0.1
N/D
N/D
N/D
N/D
N/D
0.32
N/D
0.07
N/D
0.02

107
12.0
7.0
4 1 8
393
317
N/D
332
I J

6.3
N/D
N/D
J J

N/D
N/D
1 . 5
5.0
6 1 8
62
N/D
N/D
N/D
0.15
<0.01
N/D
N/D
N/D
N/D
0.15
N/D
0.09
N/D
N/D

31.4
8.0
7.5
63

440
N/D
382
102
t 2 . l
0.06
N/R
45
<0.01
N/R
2.4
6.5
73s
126
N/D
<0.5
N/D
0.08
N/D
<0.01
N/D
N/D
0 . 1 8
N/D
<0.01
0.01
N/D
0.01

N/D: Not Detected
N,lR: Not Reported
<## = Average value is below the detection limit.
'Sample taken from spring overflow.
'Trace metals analyzed in total form.
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Groundwater Movement

The movement of groundwater in the permit area is discussed in Appendix 7-N, section

2.4.3 and Appendix 7-J, section 6.0. Groundwater movement is strongly controlled by faults and

the dip of strata. A stratigraphic cross-section showing the piezometric surfaces for the three

Star Point aquifers is shown in Appendix 7-N, Figure 2-2. Plates 7N-3. 7N-4, and 7N-5 show

the piezometric surface contours and top-of-unit contours for each aquifer. Table 7.1-4

summarizes the initial water levels from the four in-mine wells (DH-lA, DH-2. DH-3 and DH-4)

and surface well SDH-1, shown on Plate 7-4. All three aquifers exhibit movement to the South,

with an Easterly component, which varies for each aquifer. Essentially, the groundwater

movement follows the regional and local dip of the beds.

Drill holes MW-l 14, MW-l l6 and MW-l 17 are located East of the Bear Canyon Fault.

Plate 7J-2 shows the relationship of the potentriometric surfaces on each side of the fault. Plate

7-4A shows the piezometric surface contours for the uppermost aquifer within the Wild Horse

Ridge area. No hydrology information is available for the WHR drill holes.

Exploration holes were also drilled upwards to evaluate potential perched aquifers in the

area of the Tank Seam. Table 7-5 summarizes the results of this drilling. With the exception of

TS- | 3, all of the drill holes were essentially dry. TS- I 3 initially flowed approximately 0.5 gpm

and decreased to approximately 0.1 gpm by 1997.
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Table 7-4In-Mine and Surface Drillhole Water Level Measurements

Elev. Spring Canyon Storrs Water Panther Water
Site (ft) Water Elev. (ft) Elev. (ft) Elev. (ft)
DH-IA
DH.2
DH-3
DH.4
SDH-I
SDH.2
SDH-3
MW-l14
MW- l16
MW- l17

7,536',
1  < < 1 1

7,527'
7,670'
9,387',
9,486',
9 ,1 l0 '
9,322',
9,342',
9,522

7,433'
7,526',
7,396'
7,549',
7,591',
7,964'
7,600'
7,650',
7,744'
7,746',

7,320'
7,402',
7,258',

7,099',
7,237',
7,070'

Table 7-5 Additional DrillholeWater Level Measurements

Elev. Water Level Discharge Drill Hole
Site (ft) Elev. (ft.) (eom)_ Depth (ft) Comments
lu
ld
2u
6d
7d
9d 7474

7509
7494

7s09
7497
7492
7460
7460

None 200 Drilled vertical into mine roof
None 170
None 200 Drilled vertical into mine roof
None 100
None 100
None 100
None 200
None 100
None 100
None 100
None 100

l0d
l l d
tzd 7516
13d 7505
r4d 7s08
wM A 7486
wM B 7493
wM c 7130
wM D 7220

None
None
None
None

50
46

wM E 7430
T5-6 7,553',
TS-7 7,557',
TS-8 7,535',
TS-9 7,495',
TS-10 7,505'
TS-12 7,500'
TS-13 7,615',
TS-14 7,525'

None
None
None
None
None
None
None
None
None

<0.1
Dry
Dry
Dry
Dry
Dry
0.5
Dry

25 Drilled 45 degup from horiz into working face
60

400
297' Drilled vertical into mine roof
300' Drilled vertical into mine roof
270' Drilled vertical into mine roof
260' Drilled vertical into mine roof
240' Drilled vertical into mine roof
250' Drilled vertical into mine roof
270' Drilled vertical into mine roof
250' Drilled vertical into mine roof

Note: See Plate 6-l I for locations of drillholes T5-6 through TS-14. See Appendix 6-A for drillhole logs of T5-6
through TS-10 and TS-14. No logs are available for holes TS-12 and TS-13. Locations of additional in-mine
drillholes are not known, but drillhole logs can be found in Appendix 7-A.
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Three general groundwater flow conditions are hypothesized to exist at the site;

l. Flows exist which follow vertical joints near the surface and move laterally when

impermeable beds of shale or mudstone are encountered. These flows are generally

expressed as surface seeps, which occur close to the original recharge source, and only

occur immediately after periods of recharge.

2. Flows exist which move downward through permeable strata and/or faults and joints in

the interior of the mountain until impermeable beds of shale or mudstone are

encountered. These flows then move laterally, generally following the dip of the strata,

or following faults or fractures, which laterally conduct the water. Lateral movement

continues until other vertically permeable lithology or zones of fracturing are

encountered, in which vertical movement may continue, or until the land surface is

reached, in which the flow discharges as springs or seeps. These flows generally occur

year-round. When aquifers of this nature are encountered by mining, flows may be high

initially, and then eventually drop to some continuous base flow.

3. Flows occur which are derived from local perched aquifers (sandstone lenses or localized

fractures) and are encountered in-mine. These flows are expressed as roof drips and

seeps, and will generally flow for a short period of time until the sandstone lenses or

fractures are dewatered, and then cease flowing, indicating no apparent recharge.
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Permeability of the first condition is secondary and may be up to several hundred ff/yr.

Permeability of the second condition is mostly primary and low, on the order of l0 to 20 ff/yr.

For the three Star Point sandstone aquifers, slug tests were performed in the in-mine drillholes to

determine the permeability of the sandstones. The results of these tests are shown in Appendix

7-N. Table 4-1.

Groundwater Development

No development of groundwater through existing or future wells is planned within the

permit expansion area. Use of groundwater in the area consists of the Big Bear Springs flow,

which is entirely diverted for culinary use by the Huntington City community, and in-mine

flows, which are collected in sumps and used for mining, dust control, and culinary water for

Bear Canvon.

Wells and Users

Wells in and adjacent to the permit area (Appendix 7-A and Appendix 7-N) are

monitoring wells installed by C. W. Mining.

Mine Dewatering

Dewatering of the mine was not required prior to l99l due to the low water volumes

encountered. Seepage into the mine has been controlled by pumping excess water to sump

locations within the mine where it is allowed to settle, and then it is pumped out of the mine and

discharged into Bear Creek, as governed by the mine discharge permit (Appendix 7-B).
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A discharge line was installed in l99l to the approved discharge point located above the

scale house (Plate 7- lC). A totalizing flow meter is installed to monitor flows. Flows are logged

and reported to the Utah Division of Water Quality with the monthly Discharge Monitoring

Reports (DMR). Copies of these reports will be included in the quarterly Water Monitoring

Reports.

On March 30, 1989, the State of Utah, Department of Health, stated that "a permit is not

required" for overflow from the Bear Canyon culinary system (Appendix 7-B). The culinary

overflow is piped into culvert C-8U (Plate 7-lC).

Expected mine water is further discussed in the Probable Hydrologic Consequence

Determination (PHC), Appendix 7-J. Cunently, no water is discharged from the Tank Seam due

to the lack of rnine water inflow. Similar conditions are expected in both Seams within Wild

Horse Ridge.

Ground Water Site Selection

C. W. Mining has selected sites that have been developed for berreficial use. are the prirnar-v

source of sur{hce water s.v-stems. or contain large f'lorvs. for monitoring. The parameters tested

for and the schedule fbllowed are the ones determined to be adequate based on the study tbund in

Appendix 7J. -l'hree 
.v-ears of baseline data will be collected which exceeds the minimum

required b), lau,. 
'fhe 

Division recomrnended list for baseline parameters will be followed which

exceeds the rrinimum required b-v law. Additionall,v- every f-rve .vears baseline parameters will be

collected. The rest ot'the time filed readings will be collected which inch;des IIow data and

enough parameters to determine an impact. These sites are listed in Table 7-14.
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724.200 Surface Water Information

Scope

The purpose of this section is to provide background information on the surface

hydrology characteristics of the Co-Op Bear Canyon Mine permit area and the surrounding

regional area:; also, to present a plan of action for complying with the requirements of the Office

of Surface Mining (OSM) and the Utah Division of Oil, Gas and Mining (DOGM). In particular,

this section includes an evaluation of the geological and hydrological setting of the mine, its

relation to the regional ground water and surface water hydrology and its probable impact on the

groundwater and surface water systems. Appendix 7-J (PllC), Section 7.0 also contains

information pertaining to the surface water hydrology.

Information from field reconnaissance and a review of data from various sources was

used in compiling this surface water hydrology section. The data sources included information

from Co-Op, reports by the U.S. Geological Survey, Utah Geological and Mineral Survey, U.S.

Forest Service and mine application permits on file with OSM (specifically those in the

Huntington Canyon area). References used are listed at the end
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Surface Water in Regional and Adjacent Areas

The San Rafael River Basin of the Upper Colorado River Region is generally classified

as an arid basin. The upper drainages along the Wasatch Plateau receive enough snow

precipitation to be classified as semi-arid to sub-humid due to the amount of precipitation

increase with altitude.

There are eight major reservoirs in the basin. Seven are mainly for irrigation with a total

capacity of 85,000 acre-ft and one, with a capacity of 30,530 acre-ft' is used as the water supply

for a power plant. Diversions during inigation season, April to Novembero from Huntington,

Cottonwood, and Ferron Creeks nearly deplete flows downstream from these diversions. Flows

downstream during this period are mainly inigation return flows along with some groundwater

seepage.

At points of major diversions on the Huntington, Cottonwood, and Ferron Creeks the

water quality is excellent for inigation, with dissolved-solids concentrations of less than 500

mgll. But water at the mouths of these creeks has markedly larger dissolved-solids

concentrations. This is mainlv due to two factors:

a. In the area between major diversions and the mouths of the creeks, the creeks cross a

belt of exposed Mancos Shale 10 to l5 miles wide.

b. This area is also where practically all the intensive inigation in the San Rafael River

Basin is practiced. (Mundoff,'82).
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The upper drainage of Huntington Creek encompasses about 200 sq mi of mountainous

country in the Wasatch Plateau. About 90 pct of the area is higher than 8,000 ft. The average

channel gradient along the stream in the area is about 100 ff/mile. In the lower reaches the

stream is in deep, narrow canyons, and surface reliefbetween the stream channel and the top of

adjacent canyon walls is typically 2,000 ft or more. (Danielson, '81).

7-29 8/0r/02



Quantity and Quality of Surface Water

According to Danielson, "...about 65 pct of the annual discharge at the Huntington Creek

station (0931800) occurs during the snowmelt period (April-July). Because most of the stream

flow is derived from snowmelt, annual discharge to the gaging station correlates well with the

April I snow pack water content." Approx 80 pct of the discharge from these streams is during

the snowmelt from April to July.

As part of the Danielson study, chemical analyses were performed on selected surface

water samples from the area. It should be noted that none of the analyzed chemical constituents

were found in concentrations that exceeded the drinking water standards of the U.S.

Environmental Protection Agency (1976). Danielson also noted that, "The predominant

dissolved chemical constituents in water in Huntington Creek upstream from gauging station

0931800 were calcium and bicarbonate. The predominant dissolved chemical constituents in

water in tributaries to Huntington Creek were usually calcium, magnesium, and bicarbonate.

However, during periods of base flow the concentrations of sulfate in water at the mouths (of the

tributaries) were significantly higher than sulfate concentrations in water in Huntington Creek.

Water from the Star Point commonly contains slightly higher concentrations of both dissolved

solids and sulfate than water from younger rocks in the area."
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Water Uses

Most of the surface water from the drainage is diverted for use as crop inigation. The

only other major use is supply water to the Huntington Power plant. The reservoirs in the area

have been built to supplement this use. Some water in the area, particularly springs, is issued for

livestock watering or as culinary water.

Water rights have been obtained by Co-Op in sufficient quantities for all of the mine's

needs. Table 7-6 contains a listing of water rights in the area and Plate 7 17-12 indicates their

various locations. Information on the water rights can be accessed on the Utah Division of Water

Rights website at http://nrwrtl.nr.state.ut.us/wrinfb/query.asp. Additional information about the

water rights owned by the Co-Op man can be found in Appendix 7-C. Appendix 7-D contains a

copy of an agreement between Co-Op and Huntington City with regards to protection of

Huntington City's Big Bear Creek Spring (Huntington Spring) water source.

7-31 0r/0U07



ableT-6 Area Water

Wrtcr
Rioht Owncr

Priority
Date Plecc of Urc

Point of
Divercion Nrture Of Use

9t-251 ANR 0/0/r900 (l) S 215 ft W 120 ft from NE cor, Sec 12, T 20S, R 5E, SLBM Surfu Inigation/ Domestic

9l-316 ANR 0/0/1875 spring located in SW4NE4 Sec 10, Tl8S, R5E, SLBM Spring Stckwatcr

93-l I 6 U S F S 0/0^875
From a point in NE4SE4 Sec 0E, Tl5S, R7E, SLBM, to a point in SE4SE4 Sec
09. T165. R7E. SLBM

Point 2 Point Stockwater

93-129 Nevada Electric 0t0/t87s From a point in NW4NW4 Sff | 5, T165, R7E, SLBM, to a point in NW4NW4
Sec 15, T163, R7E, SLBM.

Point 2 Point Stockwater

93-130 U S F S 0t0n87s ftom a poinr in SW4NW4 Sec 15, T165, R7E, SLBM, to a point in SE4NW4
Sec 22. T163. R7E. SLBM.

Point 2 Point St@kwater

, J - I J I C O P C o a l 0/0^875
trom a point in NW4SE4 Sec 22, T165, R7E, SLBM, to a point in SW4SE4 Sm
22, T163. R7E. SLBM Point 2 Poinr Stockwater

93- 138 C O P C o a l 0t0/t875 from a point in NE4NE4 Sec 15, T165, R7E, SLBM, to a point in NE4SE4 Ss
2? T16S R?F ST RM Point 2 Point Stockwatq

93-t39 U S F S 0t0/r87s from a point in NW4NW4 Sec I l, T165, R7E, SLBM, to a point in SE4SE4 Sec
IO. TI65. R7E. SLBM

Point 2 Point Stockwattr

93-140 Utah Trust Lmd 0t0/1875 Aom a point in NE4SW4 Sec 02, T165, R7E, SLBM, to I point in SW4SW4 Sec
O' T16S P?F RI RM Point 2 Point Stmkwattr

9 3 - l 4 l C O P C o a l 0/0/1815 from a point in NW4NW4 Sec 14, Tl65, R7E, SLBM, to a point in SE4NE4 Seo
I5. T165. R7E. SLBM

Point 2 Point Stookwater

93-t42 Utah Trust Lmd 0t0/1875 Aom a point in NW4NW4 Sec 01, T165, R7E, SLBM, to a point in NE4NW4
Sec 14. Tl65. R7E. SLBM

Point 2 Point Stockwater

93-143 Ncvada Electric 0/0tr875 Spring located in NW4SW4 Sm 26, T165, R7E, SLBM Spring Stockwater

93-t44 U S F . S 0/0/1875 from I point in SE4SE4 Src 22, T165, R7E, SLBM, to I point in SE4SBI Sec
22. T165. R7E. SLBM Point 2 Point Stmkwstq

93-t46 Nevada Electric 0/0/1815 from a point in SE4NE4 Seo 27, T165, R7E, SLBM, to a point in SE4NE4 Sec
27. T165. R7E. SLBM

Point 2 Point Stmkwat€r

93-t47 BLM 0/0/1E60 &om a point in NW4NW4 Scc 35, T165, R7E, SLBM, to a point in NE4NW4
Sec 35. T165. R7E. SLBM

Point 2 Point st@kwater

93-148 BLM 0t0/1902 from a point in SE4SW4 Sec 26, T165, R7E, SLBM, to a point in SE4SW4 Sec
26. T165. R7E. SLBM Point 2 Point Stmkw&ter

93-149 Nevada Electric 0/0/tE75 from a point in SW4SW4 Sec 26, T165, R7E, SLBM, to a point in SW4SW4
Sec 25. T163. R?E, SLBM Point 2 Point stockwster

93-150 Nevada Electrio 0/0/t875 fiom a point in NE4NW4 Scc 24, T163, R7E, SLBM, to I point in NE4SE4 Sec
26. T165. R7E. SLBM

Point 2 Point Stockwat€r

93- l5 I U S . F S 0/0^875 fiom a point in NE4NW4 Sw 13, T165, R7E, SLBM, !o I point in SW4SW4
Scc 13. T163. R7E. SLBM Point 2 Point Stockwater

93- 155 Utah Trust Lands 010/t902 from a point in NE4NW4 Sec 29, T163, R8E, SLBM, to a point in SW4SW4
Sec 29. Tl65. R8E. SLBM. Point 2 Point Stockwater

93-156 A U Mines INC 0/utmz from a point in NW4NE4 Sec 29, Tl5S, R8E, SLBM, to I point in NW4NE4
Sec 29, T165, R8E, SLBM Point 2 Point St@kwater

93- 157 A U Mines INC 0/0^902 from a point in NW4SE4 Sec 20, T165, R8E, SLBM, to a poinr in SW4SE4 Sm
20. TI65. R8E. SLBM

Point 2 Point Stockwats

93- 158 C.O.P Coal 0/0/1902 fiom a point in NE4NW4 Sc 20, T165, R8E, SLBM, !o I point in SE4}.IW4 Soc
20_ Tl65_ R8E- SLBM. Point 2 Point Stockwater

93- r60 C O P C o a l 0/0^902 from a point in SW4NW4 Scc 07, TI65, R8E, SLBM, to a point in SE4SW4 Sec
17. TI65. R8E. SLBM Point 2 Point Stockwet€r

93- 16 l C.O.P Coal 0t0^902 o lmqred in  NWt i (F4  Sac O7 T l6 (  RRF S l  RM Stockwater

93-t63 C O P C o a l 0/0^902 fiom a point in Lot 4 Sw 06, T I 65, R8E, SLBM, to a point in NE4NE4 Sec 15,
TI55. R8E. SLBM Point 2 Point Stockwater

93-165 Trust Lands 0/0/t902 from a point in SW4SW4 Sec 29, T165, R8E, SLBM, to a point in SW4SW4
Sec 29. T165. R8E. SLBM Point 2 Point Stockwater

93-t66 U S F S 0t0il875 fiom a point in NE4NE4 Scc 19, T165, R8E, SLBItl, to a point in SE4NE4 Sec
30. TI53. R8E. SLBM

Point 2 Point Stockwater

93-t57 C O P C o a l 0t0il902 from a point in SW4|IW4 Sec 18, T165, R8E, SLBM, to a point in SW4SE4 Scc
I8. TI63. R8E. SLBM

Point 2 Point Stockwater

93-188 U , S F S 0/0/t875 from a pointin SE4NW4 Sec 05, T163, R7E, SLBM, to apoint in SBINW4 Sec
04, T165, R7E, SLBM

Point 2 Point Stockwater

93-190 U S F S 0/0^E75 from a point at 0 ft , to a point in NE4SE4 Sec 06, T165, R7E, SLBM Point 2 Point Stockwats

93-t92 U,S.F S 0/01t815 from a point in NW4SE4 Sec 09, T165, R7E, SLBM, to a point in NE4SE4 Sec
09, T165, R7E, SLBM

Point 2 Point St@kwater

93-193 U , S F S 0/0tr875 from a point in SW4SE4 Sec 08, Tl65, R7E, SLBM, to a point in NW4SE4 Sec
09. TI65. R7E. SLBM,

Point 2 Point Stockwater

93-195 U.S F,S 0t0/1875 fiom a point in NE4NE4 Sec 20, Tl65, R7E, SLBM, to a point in NE4NW4 Scc
22, T165. R7E. SLBM Point 2 Point Stmkwstq

93-196 Hiatt,Mma
Maddsn, et Al

ot0/t902 from a point in SW4SE4 Sec 17, T165, R7E,'SLBM, to a point in SW4SE4 Sec
I7, T165, R7E, SLBM Point 2 Point Stockwater

93-t99 UP&L
0/0/1902 from a point in NW4NW4 Sec 27, T165, R7E, SLBM,to a point in SE4SW4 Sec

22. T165. R7E. SLBM
Point 2 Point Stmkwater

93-202 BLM 0/0/1902 from a point in SE4NE4 Scc 35, T165, R7E, SLBM, to I point in SE4NE4 Sec
35, T165, R7E, SLBM Point 2 Point Stockwats
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93-203 Zions Bank&
Frank A 0/0/t902 from a point in NW4NW4 Scc 02, Tl7S, R7E, SLBM, m apoint in NE4SE4 Sec

35, Tl5S, R7E, SLBM Point 2 Point Stckwartr

93-210 aonsl Bank &
FmkA 0/0/t902 fiom I point in NW4SW4 Sec 35, T165, R7E, SLBM, to a point in SE4SW4 Sec

35. T165. R?E. SLBM
Point 2 Point Stockwater

93-214 Utah Power And
Licht

0/0/t902 fiom a point in SW4NW4 Sec 36, Tt6S, R?E, SLBM, to a point in SE4SE4 Sec
06, TITS- R8E. SLBM Point 2 Point Stockwater

93-217 Utah Pown And
I iohr 0/0/t902 from a point in NW4SW4 Sec 01, Tl7S, R7E, SLBM, io a point in SW4SE4 Scc

36. T163. R7E. SLBM
Point 2 Point Stockwder

93-2t9 HCIC 0/01t875
(l) N 40 ft W 1520 ft from SE cor, Sec 34, T l5S, R 7E, SLBM, (2) N 1550 ft W
50 ft from SE cor, Sec 34. T l5S, R 7E, SLBM Surface

lrigation/Power/Indutrial/Do
mestic/Minicioal/St@k Watq

93-220 HCIC 0/0/1875 (l) S 1535 ft E 785 ft from NW cor, Sc.c 36, T 165, R 7E, SLBM Surfacc
lrigatiodPower/lndustrial/Do
mesticnVlinicioal/Stock Watq

93-253 HCIC 0/0/t875 (l) N 2045 ft E 185 ft from S4 cor, Sc 26, T 165, R 7E, SLBM Surfa€€
Stock Water/ Irigatior/ Domestic/

r/,,ni^i^ol

93-254 HCIC 010/t875 (l ) N 1750 ft W 95 ft from 54 cor, Sec 09, T 16S, R 7E, SLBM Surface
St@k Wat€r/ Irigation/ Domestic/

Mrrnicinal

93-259 HCIC 0t0il875 spring locatcd in NW4SW4 Scc 17, T165, R7E, SLBM Spring Stckwater

93-260 HCIC o/0/t902 spring located in SW4SE4 Sec 17, T165, R?E, SLBM Spring Stockwater

93-303 HCIC 0t0^875 (l) S 2040 ft W 530 ft from NE cor, Src 27, T l6S, R 7E, SLBM Surface
StGk Watd/ IrigEtion/ Domcstic/

Minicml

93-304 HCIC 0101t875 (l) N 1060 ft E 685 ft from W4 cor, Sec 26, T 165, R 78, SLBM Surface Irrigation/ Domestic

93-309 HCIC 0t0^875 (l) S 1770 ft W 980 ft from NE cor, Scc 27, T 165, R 78, SLBM Surfae
Inigation/ Domestic/

MmicioaVStck Watcr

93-310 HCIC 0t0/r875 (l) N 2030 ft E 60 ft from SW cor, Sec 26, T 165, R 7E, SLBM Surface
Iri gcion /Domcstic/Mmicipal/

SrncL Worr

93-3t7 U S F S 0/0^875 spring located in SE4NW4 Sec 10, Tl85, R5E, SLBM Spring Stmkwatcr

93-390 Nevada Electric 0/0/t875 from a point in SW4SE4 Sec 22, T165, R7E, SLBM, to a point in SW4SE4 Sec
22. T165. R7E. SLBM

Point 2 Point Stockwater

93-508 ANR 0/o/t902 spring lcated in Lot 2 Sc 06, T165, R8E, SLBM Spring Stockwater

93-509 C O P C o a l 0t0/l875 spring lmated in SE4NW4 Src 06, T165, R8E, SLBM Spring Stekwater

93-510 C.O.P Coal 0t04902 spring from a point at 0 ft , to a point in NE4NE4 Sec 15, T16S, R8E, SLBM Spring Stockwater

93-51 I IPA 0/0il902 spring located in l,ot 7 Sec 06, T165, R8E, SLBM Spring Stockwatq

93-5r2 ANR 0101t902
from a point in SE4NE4 Scc 05, T165, R8E, SLBNd to a point in SE4NE4 Sec
09. T165. RtE. SLBM

Point 2 Point Stockwat€r

93-5 | 3 Utah Trust Lmds 0/0il902 from a point in SW4NW4 Sec 10, T165, R8E, SLBM, to a point in NW4SW4
Sm 10. Tl65. R8E. SLBM. Point 2 Poim St@kw8tq

93-5 l4 C O P C o a l 0/0il9f2 from a point in SW4SW4 Scc I0, Tl5S, R8E, SLBM, to a point in SW4SW4
Sec 10. T163. R8E. SLBM Point 2 Point Stmkwatd

93-522 IPA 0/0/1902 (l) N 950 ft W 1430 ft from SE cor, Sec 06, T 163, R 8E, SLBM Swfac€ Minng/ Stock Wstq

93-565 Utah Trust Land 0/0/t902 from a point in NE4NW4 Sec 28, T165, R8E, SLBM, to a point in NE4SE4 S€c
IO. TI73. RtE. SLBM

Point 2 Point St@kwater

93-928 HCIC 0/0/1902 (l) N 1240 ft E 270 ft from SW cor, Src 21, T l4S, R6E, SLBM Surfrcc Inigation/ Powcr/ Industrial/ Fish
Cultrre/ Stock Water/ f),omestic

93-955 Utah wat€r
Recourcs

8/8t1922 (l) N 1240 ft E 270 ft from SW cor, Sec 21, T l4S, R 6E, SLBM Surfrc€ Irrigatior/ Stock Water

93-964 U S Fuel 8/t7/t929 (l) S 1450 ft E 1400 ft from NW cor, Sec 05, T 163, R 8E, SLBM Surface Indusria.l

93-970 ANR 4/t0/t930 (l) N l83l ft W l012 ft from SE cor, Sec 08, T 165, R 8E, SLBM Surfacc Indusnial

93-1063 Utsh Wata
Recouces 3/30/t961

(l) N 164l ft E 93t ft from SW cor, Sec 2 l, T l4S, R 6E, SLBM, (2) S 2220 fr
W 2200 ft fiom NE cor, Scc 33, T l4S, R 6E, SLBM,(3\S 3272 ft W 282 ft
from NE or, Sec 33, T l4S, R 6E, SLBM, (4) N 165 ft W 750 ft from S4 cor,
Sm 05. T l73. R 8E. SLBM

Surface Imgation/ StckWato/ Domestic

93-t067 C O P C o a l w0/tgu (l) N 79 ft E 75 ft Aom SW cor, Scc 24, T 165, R 7E, SLBM Surface Inigation/ Domctic/ Mining

93-1089 ANR 7t0/t9t0 (l)N 1500 ftW 85 ft fiom SE oor, Sec08, T 165, R 8E, SLBM Undcr ground lrrigation

93- l  I  l5 Utsh Power And
Liqht

t2/t0/t96
8

(l) S 1535 ft E 785 ft from NW cor, Sec 36, T 163, R 7E, SLBM, (2) N 2350 ft
W 500 ft from SE rcr. Sw 10. T l7S. R 7E. SLBM Surface Inigation/ Power/ Industrial

93-rt29 Utah Trust Lands 0t01t875 spring lmated at N3000 ft. E350 ft. fiom SW comer, Sec 10, T165, R8E, SLBM Spmg Stockwater

93-l 139 HCIC 0/0/1890 (l) S 940 ft W 550 ft from N4 cor, Scc 28, T l4S, R 5E, SLBM Surhc€
Inigation/Power/Fish

Cultm/lndustri alllndustri al
/(rnnlrWorr/Mlnininol/ Dana

93-l l 82 Peabody Coal Co 0/0t1902 fiom e point in NW4SE4 Sec 26, T163, R?E, SLBM, to a point in SW4SE4 Sc
26, TI65, R7E, SLBM

Point 2 Point Stockwsts

93-l I 83 Pacificorp UP&L u0/tm2 from a point in NE4SW4 Sec 22, T163, R7E, SLBM, to e point in NE4SW4 Sec
22. TI6S. R7E. SLBM

Point 2 Point Stockwalq

93- I 187 U,S,F S 0/0/r875 from a point in NE4SW4 Scc 20, T163, R8E, SLBM, to a point in NE4SW4 Sec
20- Tl5S- RtE- SLBM

Point 2 Point Stockwder
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93-1408 U.S.F.S 0/0il875 spring loetcd in NW4NE4 Sec 06, Tl5S, R7E, SLBM SpnnS Stockwater

93-t4 I l U.S.F.S 0/0/1875 spring locted in NE4SW4 Scc 09, T165, R7E, SLBM Spring StGkwster

93-t425 U S F . S 0/01t875 spring located in SE4SW4 Sec 21, T165, RtE, SLBM Spring Stockwster

93-1426 U S F S 0/0/t875 spring located in SW4NW4 Sec 21, T165, R8E, SLBM Spring Stffkwater

93-1427 U S F S 0101t875 spring located in NE4NE4 Soc 20, T165, R8E, SLBM Spring St@kwats

93-1428 U S F S 0/0/1875 spring located in NE4NE4 Sec 19, Tl65, R8E, SLBM Spnng Stockwat€r

93-1429 U.S F.S 0t0/t875 spring located in NE4SE4 Scc 13, T165, R7E, SLBM Spring Stskwater

93-1430 U S F S 0/0^875 spring located in SE4SE4 Sec 12, T165, R7E, SLBM Spring Stockwater

93-1431 U.S,F.S 0/0/r875 spring located in NE4SE4 Sec 12, Tt6S, R7E, SLBM Spring Stckwater

93-t432 U S F S 0t0n875 spring located in SE4NE4 Sec 12, Tl5S, R7E, SLBM Spring Stockwsts

93- 1433 U.S.F.S 0t0/1875 spring locatcd in NW4SE4 Seo 12, T165, R7E, SLBM Spring Stckwater

93-t434 U S F S 0t0/|875 spring locatcd in NW4SW4 Sec I I, T165, R7E, SLBM Spring Stockwat€r

93-t43s U S F S 0t0/l87s spring located in NE4SE4 Sec 10, T16S, R7E, SLBM Spring Stffkwater

93-1436 U S F S 0/0/t875 spring locatcd in NW4NW4 Sec l I, T165, R7E, SLBM Spring StGkwattr

93-1437 U S F S 0/0/t875 spring locatcd in NE4NW4 Sm 01, T163, R7E, SLBM Spmg Stockwattr

93-1438 U S F S 0/0/r875 spring locatcd in NE4NW4 Sec 01, T163, R7E, SLBM Spring Stockwatq

93-2193 HCIC 0t0il879 (l) N 1750 ft W 95 ft from 54 cor, Sec 09, T 165, R 78, SLBM Surface
lrrigation/ Domestic/ Municipav

StockWator

93-2194 HCIC 0/0/1884 (l) N 1750 ft W 95 ft frora 54 cor, Sec 09, T t6S, R 7E, SLBM Surface Irrigatior/ MmicipaV Stockwst€r

93-2t95 HCtC 0/0/l 888 (l) N 1750 ft W 95 ft from 34 cor, Scc 09, T 165, R 7E, SLBM Surfaoe Inigation/ StockWater

93-2196 HCIC 0t0/1879 (l) N 1060 ft E 685 ft from W4 mr, Sc 26, T 165, R 7E, SLBM Surfae
Irigation/ MmicipaV StockWater/

D^m.ari.

93-2197 HCIC 0/0/1884 (l) N 1060 ft E 685 ft from W4 cor, Sec 26, T 16S, R 7E, SLBM Suific€
Inig*ion/ MmicipaY StockWatar/

Domestic

93-2198 HCIC 0/0/1888 (l) N 1060 ft E 685 ft from W4 cor, Sm 26, T 165, R 7E, SLBM Swface
lnigation/ MunicipaV StckWater/

ft^meafi.

93-2199 HCIC 0t0^879 (l) N 2045 ft E 185 ft from 54 cor, Sec 26, T 165, R 7E, SLBM Surfrce
Irigatior/ MmicipaV Stockwater/

Domestic

93-2200 HCIC 0t0/lgu (l) N 2045 ft E 185 ft from 54 cor, Sec 26, T 165, R 7E, SLBM Surface
Inigation/ Municipav Stockwat€/

Domostic

93-220r HCIC 0/0/r 888 (l) N 2045 ft E 185 ft from 54 cor, Se 26, T 165, R 7E, SLBM Surfacc
Inigation/ MmicipaV StockWatcr/

Domestic

93-2202 HCIC 0/0/t879 (l) S 2040 ft W 530 ft from NE cor, Sec 27, T 165, R 7E, SLBM Surfacc
Inigatior/ Mmicipsy St@kwatq/

Domcatic

93-2203 HCIC 0t0/t8u (l) S 2040 ft W 530 ft from NE cor, Scc 27, T l5S, R ?8, SLBM Surfrce
Inigation/ MunicipaV StockWater/

Domestic

93-2204 HCIC 0/0/1888 (l) S 2040 ft W 530 ft from NE cor, Scc 27, T 163, R 7E, SLBM Surface lnigatiorV Stckwatr

93-2205 HCIC 0t0/1819 (l) S 1770 ft W 980 ft from NE oor, Sec 27, T 165, R ?E, SLBM Surface
Inigation/ MuicipsY StckWater/

Domestic

93-2206 HCtC 0/0/1884 (l) S l?70 ft W 980 ft from NE cor, Scc 27, T 165, R 7E, SLBM Surfrce Inigation/ Stmkwater

93-2207 HCIC 0/0/r888 (l) S 1770 ft W 980 ft from NE cor, Sec 27, T 165, R 7E, SLBM Surface
Inigation/ MmicipaV StckWater/

Domestic

93-2208 HCIC 0ton879 (l) N 2030 ft E 60 ft fiom SW cor, Scc 26, T l5S, R 7E, SLBM Surfacc
lnigation/ Municipay Stockwater/

Domestic

93-2209 HCIC 0/0/liu (l) N 2030 ft E 60 ft from SW cor, Sec 26, T 165, R 7E, SLBM Surfm
Inigation/ Mmicipav StmkWater/

Domestic

93-22t0 HCIC 0/0/1888 ( l) N 2030 ft E 60 ft fron SW cor, Sec 25, T l5S, R 7E, SLBM Surfac€
Inigatior/ MmicipaV StockWater/

Domestic

93-2220 HCIC 0/0^879
(l) N 40 ft W 1520 ft from SE cor, Sc 34, T l5S, R 7E, SLBM (2) N 1550 ft W
50 ft fiom SE cor- Sc 34. T l5S- R 78. SLBM Sufacc

Irigation/ MmicipaV StockWater/
Domestic

93-2221 HCIC 0/0/1884
( l )N40ft  W 1520 f t  f rom SEcor,Sec34,T l5S,R7E,SLBM(2)N 1550 f t  W
50 ft from SE cor. Sec 34. T l5S. R 7E. SLBM Surfaco

xngauod MuilcrpSy Stml( watc/
Domestic

93-2222 HCIC 0/0/1888
( l )N40ft  w 1520 f t  f romSEcor,Sec34,T l5S,R7E,SLBM(2)N 1550 f t  W
50 ft from SE cor. Se 34. T l5S. R 7E. SLBM Swface

Inigation/ Muicipsy Stockwater/
Domcstic

93-2223 HCIC 0/0/t879 (l) S 1535 ft E 785 ft fiom NW cor, Scc 36, T 163, R ?E, SLBM Surfm
InigatiorV MunicipaV StockWatcr/

Dorcstic/ Powq/ Indusfial

93-2224 HCIC 0/0/1884 (l) S 1535 ft E 785 ft from NW cor, Sec 36, T l65, R 7E, SLBM Surface
Inigation/ Municipd/ StockWats/

Dnmrcric/ Pnur/ Indr rcticl

93-2225 HCIC 0/0/1E66 (l) S 1535 ft E 785 ft fiom NW oor, Scc 36, T 16S, R 7E, SLBM Swface
Irigation/ MuiciprU Stockwatq/

Domestic/ Powcr/ Industrial
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93-3033 HCIC ol0lt875 from a point in NW4SW4 Sec 26, T165, R?E, SLBM, to a point in NW4SW4
Sec 26. T165. R7E. SLBM

Point 2 Point Stockwats

93-3033 North West
Crbon Com

0/0/1875 from a point in NW4SW4 Sec 26, T165, R7E, SLBM, to a point in NW4SW4
Sec 26. Tl65. R7E. SLBM Point 2 Point Stockwater

93-3047 Utah Trusr Lmds 0/0/l 860 spring located in SW4NE4 Sec 28, T165, REE, SLBM Spring Stockwatq

93-3t7 |
North West

Crbon Com
0/0/1875 fiom a point in NW4SW4 Sec 26, T165, R7E, SLBM, to a point in SW4SW4

Sec 26. Tl65. R7E. SLBM
Point 2 Point Stmkwatq

93-3 195 HCIC 2/28/t980 (l) S 940 ft W 550 ft from N4 cor, Sm 28, T l4S, R 6E, SLBM Suface
Irigatior/ Industrial/ Power/ Fislt
Cultur€i Stock Water/ Domesric/

Mlnicinnl

93-3207 BLM 0/0/t860 from a point in NE4NE4 Sec 27, T163, R7E, SLBM, to a point in NE4NE4 Sec
27. T165. R7E. SLBM

Point 2 Point St@kwats

93-3208 BLM 0/0/t850 from a point in SW4NW4 Sec 26, T165, R7E, SLBM,to a point in SW4NW4
Sec 26, Tl65, R7E, SLBM

Point 2 Point Stockwater

93-3209 BLM 0i0l1E60 from a point in NE4SW4 Sec 26, T165, R7E, SLBM, to a point in NE4SW4 Sec
26. T165. R?E. SLBM

Point 2 Point Stockwatq

93-3524 ANR 4/t0/t930 ( | ) N l83l ft W l0l2 ft from SW cor, Sec 09, T 165, R 8E, SLBM Surfam Indusrial/ Mmicipal

93-3657 J O Kingston 0/0/t875
( l )S 1725 f tW 1280 f t  f romNE cor,  Sec22,T 165,  R7E, SLBM, (2)N 79f tE
75 ft from SW cor. Sec 24. T 165. R 7E. SLBM Surface lrigation/ Stockwater

93-372s HCIC 0/0/t875

( l) N 1060 ft E 6E5 ft from W4 cor, Sec 26, T 165, R 7E, SLBM, (2) N 2030 ft
E 60 ft from SW cor, Sec 26, T l65, R 7E, SLBM, (3) S 1770 ft W 980 ft from
NE mr, Sec 27, T l65, R 7E, SLBM, (4) S 2040 ft W 530 ft fiom NE cor, Sec
21.T 163 R ?E SLBM

Surface
InigatiorV MunicipaU StockWater/

Domestic/ Power/ Indmtrial

93-3739 ANR 7/00/1910 ( l )N  1500 f t  W 85 f t  f romSE cor ,Sec08,  T  165,  R8E,  SLBM Under gromd Inigation

93-3145 IPA 4/10/t930 ( l )N  l83 l  f tW l0 l2  f t f iomSE cor ,  Sec08,T  165,  R 8E,  SLBM Swface Industrial/ Mmicipal

93-3746 IPA 4/r0/1930 (l) N l83l ft W l0l2 ft from SW mr, Sec 09, T 165, R 8E, SLBM Surface Industrial/ Mmicipal

Note: This table includes water rights on file with the Utah Division of Water Rights in or near the pennit area.
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Mine Plan Area Surface Water

The channel of Bear Creek is straddled by the mine plan area. Bear Creek is a perennial

stream with flows often frozen during the winter. An ephemeral tributary flows into Bear Creek

from the east in the mine plan area. Some of the higher portions of this drainage contain

intermittent flows, but this flow is adsorbed by the ground before it reaches Bear Creek.

Measurements at the mouth of Bear Creek made during the Danielson study indicate a

significant impact to stream flow from snowmelt, between 18 and 153 gpm ('I'able 7-7). The

headwater springs of Bear Creek issue from the North Horn Formation, a locally recharged water

zone. These springs flow over steep, often unstable slopes to the creek bed, which results in high

concentrations of suspended solids measurements taken during the Danielson study, which

illustrates the high concentrations in Bear Creek.

Concerning the unusually high sediment loads in Bear Creek, Danielson stated the following:

"Bear Creek transported large quantities of suspended sediment during 1978 and 1979.
Springs emerging from the North Horn Formation in the headwaters of Bear Creek
continuously erode the shale and mudstone and permit sloughing of large amounts of
fine-grained material from the escarpments."
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Table 7-7 Stream Flow Measurements (1977-79)

Discharee
Date (cfs) (snm)

Bear Creek
(site no. 8l)

Stream
Huntington Creek
(gauging station
093 l 800)

Crandall Canyon
(gauging station
093r79r9)

Tie Fork Canyon
(gauging station
09317920)

Bear Creek

Deer Creek

08-10-78
10-25-78
I 1-08-78
12-13-78
06-27-79
07-16-79
l0-30-79

0.09
0.08
0.06
0.04
0.34
0.2r
0.05

40.4
3s.9
26.9
18.0
152.3
94.3
22.4

Measurement of suspended sediments were collected during the Danielson study. Below

are the results from selected tributaries of Huntington Creek.

Table 7-8 Suspended Sediments, Huntington Creek Tributaries

Site No. Date Concentration Tons/dav
88 27

2.5
6
l 5

0 .14
0.08
0.41
0.15

0.03
0.12
0.68
0. t7

Stream flow measurements are taken from Danielson.

t 2
57
3 8
66

8,860
2,140

609

| 98 l, see references

5 l

67

08- l 3-78
tt-17-78
06-13-79
08-07-79

08-12-78
I l -18-78
06-14-79
08-06-79

08- I 3-78
1 l-18-78
06-14-79
08-06-79

10-25-78
06-14-79

06-14-79

104
72
tt4
44

49
60
l 5
56

3 . 1

8 l

87

r .9
4.0
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Effects of Mining on Surface Water

The operation of Bear Canyon Mine by C. W. Mining is expected to have only a very minimal effect

on surface water on the area. The quality of Bear Creek before passing through the mine plan area is poor.

Generally, as the excess mine water is discharged into Bear Creek; the surface water quality is improved

significantly after passing through the mine site. The potential impacts to surface waters are discussed in

Appendix 7-J, section 9.1.2. The greatest potential impact of mining operations is probably an increase in

sediment loading to Bear Creek. Controls and diversion structures have been constructed to prevent sediment-

laden water from disturbed area from mixing with local surface water, to minimize the mining impacts on the

receiving stream waters.

Surftce Water Site Selection

All perennial streams inside the penr,it area start within the permit area. Because o1'this the tnajor

groundr.vater sources feeding them are monitored. Sulface monitoring sites have been selected at all ma.ior

confluences and at otlier points of interest. Additionally sites w'ere selected in all perennial streams as close as

possible. based on accessibilit),. to the edge of the permit boundary to detect any o1' site impacts. 'fhe

pararneters tested firr and the schedule lbllowed are the ones determined to be adequate based on the study

J lbund irr Apperrdix 7J. 
'fhree years o1'baseline clata will be collected which exceeds the minimum recluired blz

law. J'he Division recommencled list for baseline parameters will be fbllowed which exceecls the rninirnurn

required br- larv. Additionally ever.'- five years baselirre pararneters will be collected. 
'I'he 

rest of the time field

readings will be collected which includes flow data and enough parameters to determine an impact. 'l ' l,ese 
sites

are listed in T'able 7- 14.

7 24.300 Geologic Information

Geologic information for use in determining the probable hydrologic consequence of mining operationS upon

the quality and quantity of surface and ground water, whether reclamation can be accomplished, and whether the

proposed operations have been designed to prevent material damage to the hydrologic balance outside the

permit area is discussed in detail in Chapter 6 Geology (R645-301-624) and under numerous headings in this

chapter.
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724.400 Climatologicallnformation

The climate of the Bear Canyon Mine area is typical of subalpine areas in the cenffal

region of Utah. In general, the summer season is short with maximum temperature readings ("F)

in the 80's and minimum readings in the 40's. Fall and spring seasons are erratic in nature, with

snow precipitation occurring as early as September and as late as the first part of June. Winters

in this subalpine area are often severe, with recorded temperatures of -20'F or below at times.

Major snowfalls can occur in the months of December, January, and February. Snow frequently

remains on the ground from November until April in depths varying up to 6 ft. Winds are

generally light to moderateo with average speeds below 21 m.p.h. The prevailing wind direction

within the area of the mine site is from the southwest. Winds are generally parallel to the

canyon, except during storm periods. Wind speed varies from canyon to canyon.

The estimated annual background total suspended particulate (TSP) in rural, central Utah

is approximately 20 pg/^3 (AeroVironment, | 977). Because of the proximity to existing mines,

background TSP could be higher than the average background total for typical rural areas.

724.411 Precipitation

Precipitation varies greatly in the vicinity of the permit area due to the Manti-Lasal

Mountain Range. Local factors affecting precipitation in the area are altitude, topography, and

geographic location relative to the west-to-east storm track. The normal annual precipitation at

the center of the permit area is approximately 8 to l0 inches greater than it is near the office area.
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The nearest weather monitoring station is at Hiawatha, located about 5 miles Northeast of

the center of the permit area. The annual precipitation recorded at the Hiawatha station is 13.18

inches fable 7-9 shows the precipitations recorded from 1916 to 1975. An isohyetal map from

the Hydrologic Atlas of Utah shows an annual precipitation of 22 inches at the center of the

permit area. (This is the source of the discrepancy referenced in the OSM completeness

determination.) Approximately 16 inches, or 73%o, of this precipitation occurs as snow from

October to April. The other 6 inches, or 27%o, occurs from May to September as rainfall. Snow

accumulation averages 4.5 ft. A maximum snow depth of 6 ft is to be expected.

In mid-1991, a precipitation gauge was installed at the Bear Canyon Mine, located at the

Scale house. Table 7-10 shows the average monthly precipitation from 1992 through 1995.

Additional precipitation data for the surrounding area is shown in Appendix 7-N, Hydrogeologic:

Evuluttlion.

724.412 Wind Direction and Velocity

In general, winds are light to moderate, with average speeds below 20 mphl. Wind speed

varies from canyon to canyon. At the Bear Canyon Portal area, the average wind speed is

estimated at l0 mph, directed from west-southwest. Tomadoes are very rare, but strong winds

may occur, particularly in these mountain passes and canyons. The highest gust in the vicinity of

the mine site is expected to be more than 100 mph. The gust would occur under extremely

unstable conditions with active fronts. See Appendix 7-P.

'Arlo Richardson, Utah State Climatologist, Utah State University.
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724.413 Temperature

Temperature is seasonally variable and highly influenced by elevation. January

temperatures vary from a mean minimum of l3'F to a mean maximum of 30'F. July

temperatures vary from a mean minimum of 54'F to a mean maximum of 82"F (Jeppson et al.,

1968). Similar temperature ranges are recorded at the Hiawatha Station. Table 7- l I shows the

temperatures recorded between 1922 and 1975. The average annual temperature is 45'F. July is

the warmest month (an average of 69'F) and January is the coldest (an average of 23 "F). Wide

daily temperature ranges are caused by relatively strong daytime warming and rapid nighttime

cooling.

724.420 Evaporation and Relative Humidity

The potential evaporation is about 40 inches/yr. Transpiration is less than 18

The relative humidity ranges from a summer average of 45o/o to a winter average ofinches/yr.

85%.
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Table 7-9 Precipitation Totals - Hiawatha Station (inches)

Month Mean Greatest
Daily

Year

Snow

Mean Maximum
Monthly

Year

January 0.87 0.92 t944 21.3 59.0 1969

February 0.98 t .29 t923 12 .8 47.0 r969

March 0.99 r.20 1935 9.7 39.5 t9s2

April 0 .91 1.33 r944 4.0 22.0 r965

May 1.05 2.00 1922 2.0 25.0 1964

June 1.04 2 .14 t94l 0.2 1 .0 t92s

July t .22 1.20 1973 0.0 0.0

August 1.92 2.0s r946 0.0 0.0

September r .26 1.73 t96l 4.2 I1 .0 1965

October r .20 1.54 t94l 1 .3 14.0 l96l

November 0.73 1.35 1943 6.6 30.5 l95 l

December 1.01 1 .53 l9 l 6 13.0 50.5 l 95 l

Annual 13.18 2.14
June
t94l 74.5 59.0

January
1969

Station:
Elevation:
Period of Record:

Hiawatha
7,220ft
1916 - 1975

Longitude: I10" 0l '
Latitude: 39" 29'
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Table 7-10 Precipitation Totals - Bear Canyon Station (inches)

Month Mean
Greatest
Daily Year

January 0.51 0.43 1993

February 0.53 0.31 1994

March 1.00 1.22 r993

April 1.1  I 0.59 1995

May 1.42 0.67 r992

June 0.39 0.33 1995

July 0.62 0.69 r992

August 2.00 1 .01 r995

September 0.78 0.52 t994

October 0.99 0.47 1992

November 0.35 0.26 1994

December 0.34 0.30 1995

Annual 10.04 1.22
March
r993

Station:
Elevation:
Period of Record:

Bear Canyon Mine
7,092 ft.
1992 - r99s

Longi tude:  l l l '05 '40"
Latitude: 39'24'30"
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Station:
Elevation:
Period of Record:

Table 7-l I Temperatures ('F)

Longitude: I l0' 01'
Latitude: 39" 29'

Hiawatha
7,220ft.
1922 - 1975

Month

Means Extremes

Daily
Maximum

Daily
Minimum

Monthly Record
Highest Year

Record
Lowest Year

January 32.2 13 .5 22.9 59 r97 l - 16 1971

February 36.2 t7.4 26.8 59 r97l -18 1933

March 43.9 22.7 33.9 68 1966 -10 t964

April 54.5 3 l . l 42.9 80 r928 7 r975

May 64.8 39.9 52.3 86 t936 l 8 t965

June 74.4 48.9 6r.7 93 r961 26 r943

July 82.0 s6.2 69.1 95 193 l 35 1968

August 79.0 54.5 65.4 93 t940 J J 1968

September 71.3 46.6 s9.0 92 1934 t9 1965

October 59.0 36.6 47.8 78 r933 t0 t972

November 43.5 24.1 33.8 63 1975 -2 193 r

December 34.4 16 .1 25.0 58 l9s9 -t2 t924

Annual 56.3 34.0 45.1 95
July
r93l -18

Feb
1933
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724.500 Supplemental Information

Rule R645-301-728 discusses the probable hydrologic consequences of existing and

proposed mining operations.

724.700 Alluvial Vallev Floor

This does not apply.

R645-301-725 Baseline Cumulative Impact Area Information

A copy of the Cumulative Hydrologic Impact prepared by the Division can be found

Appendix 7-L.

R645-301-726 Modeling

Some modeling, interpolation and statistical techniques are utilized in this chapter;

however, actual surface and ground water information is predominately provided.

m
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R645-301-727 Alternate Water Source Information

No alternate water source is needed since we do not expect to impact any current
water sources as explained in R645-301-724.100 and R645-301 -724.200.

R645-301-728 Probable Hydrologic Consequence Determination

728.200

ancl Appendix

728.3r0

728.320

728.330
728.331
728332
728.333
728.334

728.340-350

See Appendix 7J.

Baseline Information
This is discussed in Appendix 7J in sections 3 through 7 of the tlrst Mzryo report,
7M and 7N.

Adverse lmpacts to the Hydrologic Balance
See section l of the second Mayo repoft in Appendix 7J.

Acid/Toxic Forming Material
See section 2 of the second Mayo report in Appendix 7J.

Impacts of Proposed on:
Sediment Yield; See section 3 o1'the second Mayo repoft in Appendix 7J.
Water Quality; See section 4 of the second Mayo report in Appendix 7J.
Stretrm F'lorv Alteration; See section 5 of the second Mayo repoft in Appendix 7J.
Water Availiabity: See section 6 of the second Mayo report in Appendix 7J.

Affects on Water Resources and Water Rights
See section 7 of the second Mayo report in Appendix 7J.

R645-301-729 Cumulative Hydrologic Impact Assessment

See AppendixT-L.

R645-301-730 Operation Plan

R645-301-731 General Requirements

73f.100 Hydrologic Balance Protection
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Affects of Mining on Groundwater Balance

Mining operations in the permit area will be confined to the coal bearing strata within the

basal part of the Blackhawk formation. The coal strata are generally dry throughout most of the

permit area, with the Tank Seam being dry throughout the entire property, and are part of an

undeveloped aquifer system, which consists of a series of generally discontinuous perched water

zones within the Blackhawk formation. Overlying formations are not uniformly saturated. The

Star Point Sandstone is unsaturated in the Southern and Eastem parts of the permit area, and

saturated in all three tongues on the Northwestern end of the permit area. The potential

groundwater impacts are discussed in detail in Appendix 7 -J, section 9.0. The potential impacts

can be categorized into two basic sections: l.) Potential impacts to groundwater quantity and2.)

Potential impacts to groundwater quality.

Quantity

Mining affects on water quantities consist of interceptions of local perched zones, and the

interception of a larger perched aquifer at the North end of the Blind Canyon Seam workings.

Investigations have shown that this aquifer is not hydraulically connected to Big Bear or Birch

Spring (Appendix 7-N), so dewatering of this aquifer will have no impact on the quantity of these

springs. These waters are collected in sumps within the mine and either diverted for culinary

water and dust control or it is discharged into Bear Creek. Groundwater surveys are conducted

and submitted annually to the Division. Groundwater is also removed as moisture within the

coal itsel As
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lVater Consumed Durine Production
Continuous Miner
Inherent Coal Moisture:6%o Mine Run Moisture: 7?tr
water loss : ((0.07-0.06)"400,000 Tons)+(2,000 lbsi I TON)*( I
water loss '.- 2.95 acre-ft/vear

Max Yearly Production : 400,000 tons
ga118.33 lbs)*( I acre-ft/325.850 gal )

l,ongwall
Inherent Cclal Moisture ='6?6 Mine Run Moisture: l2% Max Yearly Production == 2,100,000 torrs
rvater loss - ((0.12-0.06)*2.100,000 Tons)*(2,000 lbsll TON)*( I gall8.33 lbs)*( lacre-fu325,850 gal)
r,vater loss : q2.81 acre-ft/year

Surface Dust Suppression
;\vel'age water used for road watering: 600,000 gallons Average water used for stockpiles = 2 gallorrs/Ton
rvater loss .'. 600.000+(2 gal/Ton*2,500.000 Tons) - 6,043,371 galiyr - 18.-5-5 acre-fl/year

Ventilation Loss
p1r: barometric pressure = 29.88 in. HG ta: dry bulb tempelature :40oF' .45oF

t." : wet bulb temperature : 38oF , 43oF Q : Ventilation quantity : 160,250 inlet, 191.540 outlet

p\ ' :sat .  vapor press. ,  rvet  bulb ( in .  Hg):0.18079*e^((17.27xtu, -  552.64)  /  ( t * ,  +315.14;) :0.023,0.279

pu.=. actuirl vapor pressute (in. Hg) : p.'-[((p6' pr')*(td - tw)) i (2800- 1.3+t.r))] == 0.208,0.257

W : specitic humiclity (lb/lb dry air) : 0.622*(p, / (p6-pu)) Wr =0.0043 WF :0.0054

po =.partial pressure of airlin. f{g) : pu - p = 29.67 inlet, 29.62 oulet

v = speoific vohne ({t3llb) = (0.754 * (rd +460)) I po= 12.7 | inlet, 12.85 oulet

G--weight f ' low-rate( lb/h) :60 *  Q I  v  :  756.756in let ,  894,071 out let  Average :825,414

water loss:G (fb/h)*(w;,----W1)* .016018 (ft-l;tb;*3766 (hly,r) 143560(ft3/acre-ft ): 2.77 acre-ft lyear'

Water Produced - Antiquity water produced in the Bear Canyon #l Mine

Average Irlow: 30 gprn

Yearly water generatecl = (30gpm) * (60 minll hour) * (24 hourl I day) *(365 day/ 1 year) : 15,768,000 gallorrs/year

water gain =- 15,768,000 gallons/year * (lacre-ft/325,850 gal):48.39 acre-{I/year

Total Maximum Water [,oss : 2.95 + 92.84 + 18.55+ +2.77-48.39 = 69 acre-ft/vear
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The affects of subsidence in the permit area, on regional or local groundwater flow, are

expected to be minor and of short duration. Localized diversions or interceptions of short

duration only are expected due to the plastic flow of shaley units and to both development and

tightening of existing fractures which occur due to unbalanced compressive-tensile forces

associated with subsidence. The reclamation plan proposes to control post-mining subsidence

which is expected to be a maximum of feet assuming all three seams are mined, with no

subsidence to occur in a varying 100 to 200 ft wide corridor from outcrop af,eas and permit

boundaryareas,@.

In the portion of Federal Lease U-024316 to be permitted, mining will take place in the

Seam only, whieh will lirnit any subsidenee to e maximum ef 1,9 feet, In the event

mining reaches far enough Ne* to mine at an elevation below Bear Creek, an adequate barrier

will be left to completely prevent any impact on Bear Creek. This barrier is shown on Plate 5-3

and described in Appendix 5-C.

Quality

The potential impacts to water quality include contamination of water due to rock dust

usage, abandoned equipment, the usage of hydrocarbonso and contamination from road salting.

These potential water quality impacts are discussed in detail in Appendix 7-J, Section 9.0 (PHC)

and Appendix 7-P.

Rock dust which is used for the suppression of coal dust may potentially impact the

groundwater flowing through the mine by the dissolution of the rock dust constituents into the

water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has

been known to result in high TDS concentrations; therefore Co-Op has implemented the use of
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Rock dust which is used for the suppression of coal dust may potentially impact the

groundwater flowing through the mine by the dissolution of the rock dust constituents into the

water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has

been known to result in high TDS concentrations; therefore Co-Op has implemented the use of

limestone rock dust. Mine water discharged into Bear Creek is monitored for TDS, as well as

the in-mine water monitoring wells, to ensure increased concentrations do not result for the

mining activities.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used on-site for the

mining equipment. Spillage of these materials could potentially contaminate the groundwater in

the permit area. Section 9.0 of the PHC (Appendix 7-J) discusses in detail the program, which

C. W. Mining has implemented to prevent contamination of the groundwater from these sources.

Road salting is also discussed. Abandoned equipment is discussed in Appendix 7-Q.

Mitigation and Control Plans

No treatment of groundwater occuffence or other control measures in the present mine

have been required. Interference of the groundwater regime has consisted of interception of

local perched zones within the Blackhawk formation, with the significant portion of the flow

coming from a sandstone channel located at the North end of the Blind Canyon Seam workings.

No treatment of groundwater occurrence or other control measures have been required or

are expected to be required for the permit area. See the discussion on potential impacts in

Appendix 7-J.
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As discussed in Appendix 7-J, section 9-1, hydrocarbons in the form of oil and fuel are

stored at the mine site. A spill prevention control and counter measures plan is maintained

onsite-outlining controls to prevent and mitigate any hydrocarbon spills. Within six months of

the implementation of the Wild Horse Ridge facilities construction, this plan will be updated to

reflect the controls for the new facilities. lf au.y state appropriated water riglrts are impaoted in

the lirture Cl. W. Mining will rneet with the water right holder and the Division and develop a site

specific water replacement plan.

Water Monitoring

Groundwater Monitoring Plan

Monitoring activities are designed to determine water levels, discharge and water quality

fluctuations in relevant aquifers or groundwater occurrences in the mine area. Data is collected

from mine sumps, from monitoring wells within the mine, observation wells on the surface, and

springs. The objectives are to identifu potential impacts during and after mining and, provide

continuing data on the areas aquifer characteristics and groundwater occuffences. A

recommended water-monitoring program is included in Appendix 7-J, section 10.0. 
'fhe 

current

approved water rnonitoring program is shown in'Iable 7-14.

Springs below the mine will be sampled to determine discharge and water quality

parameters and their possible variation with time. These springs include SBC-14. Big Bear

Springs. COP Development Springs, and Birch Springs (Plate 7-4). Periodic checks will be

made of the mine area to determine any impact not currently expressed at the surface. This data
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will be used to estimate seasonal fluctuations, aquifer recharge and consistent long-term changes

and to ensure that no impacts occur. Springs above the mine will be monitored for field

parameters, since the potential for impact to these springs is quantity rather than quality. SBC-9A

and SBC-4 will be monitored for lead quality.

Groundwater monitoring will follow the ground water sampling guidelines as shown in

Table 7-12 using the water quality parameter list in Table 7-13. These tables follow the

recommendations presented in Appendix 7-J. New significant occurrences within the present

permit area will be promptly included in the sampling program, as specified by state

requirements. Operational ground water monitoring will continue through reclamation to Bond

Release.

The sampling matrix for each of the existing monitoring stations during the operational

phase of mining is included in Table 7-la.

ine Baseline

samples u,erq collected for SBC-14, SBC-15, SBC-16, W-114 and MW-117 in200l.

'I'hree 
vears of baseline will be collectec'l on all additional sites added after 2001.

Temporary Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonpermanent fashion by installing PVC surface casing with a

threaded cap for access.
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Temporary Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonpermanent fashion by installing PVC surface casing with a

threaded cap for access.

Annual Report. An Annual Report evaluating all data collected for the year will be submitted to

DOGM as required.

Quarterly Data Submission. All water monitoring data will be submitted to DOGM on a

quarterly basis within 90 days or less of quarterly sampling collection.

Dt'{-lA. Dtl-2. Dl-l-3. Three observation wells, DH-1A, DH-2, DH-3, were installedin 1992

(Plate 7-4). These wells are for the collection of piezometric surface and water quality data from

the Spring Canyon tongue of the Star Point Sandstone, and are located such as to determine the

extent or occurrence of groundwater within the depths of potential impact of the mining activities

on the groundwater regime. Construction and Development of these wells are discussed in

Appendix 7-N. In 1993 DH-3 was abandoned and was replaced by DH-4, shown on Plate 7-4.

Groundwater encountered in these wells will be sampled as specified above along with

the other locations and used to correlate with the water quality data from Bear Springs, COP

Development Springs, Huntington Spring, and Birch Springs to provide a check on estimates of

groundwater contamination. These springs were selected since their flow is the sole use of

groundwater to be possibly affected by mining activities in the permit area. Discussion of initial

data gatheredin1992 from the wells is found in Appendix 7-J (PHC) and Appendix 7-N.
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Baseline Monitoring Operational Monitoring Post-minins Monitorins

Type of Sampling site Springs, In-Mine Flows,
Boreholes, Observation

Springs, In-Mine Flows,
Boreholes, Observation
Wells.

Springs, Observation Wells, Mine
discharge points.

i Field Measurements and Parameters
(Table 7.1-7)

Water levels and/or flow and
water qualiw

Water levels and/or flow and
water qualitv

Water levels and/or flow and water
oualiw

Sample Frequency Each site

Sampling Duration

Type of Data Collected and
Reported

Ouarterlv
Adequate to describe seasonal
variation.

Monthlv recommended for
more accurate description of
seasonal variation.

Ouarterlv samples springs and
wells;

In-mine flows at initial
interception. ouarterlv after lst
30 davs until diminished.

From sumps and/or mine
discharge points quarterly or as
rcquired bv UPDES.

Evq year until two years after
surface reclamation activities
have ceased. Sites u'ill be
monitored { times a vear.

Wells and boreholes: Water
quality, water level or flow.

Springs:
Flow and water quality with
one sample taken at low flow.

years (€no

@
submissi€ffi f+tq*P ri o l to

Wells and Boreholes: Water
quality, water level of flow
logs, collar elevation; ground
elevations; screened interval;
formation where completed;
depth.

Springs:
Water quality, location, and
flow.

Ouarterly based on potential impact;

or once per ulnnum (spring sampling
at low flow).

Until termination of bonding.

Wells and Boreholes:
Water quality, water level or flow.

Springs:
Flow, water quality with one sample
taken at low flow.

Phase I:
Whether pollution of surface and
subsurface water is occurring, the
probability of future occurrence, and
estimated cost of abatement.

Phase II:
After revegetation has been
established and contributing
suspended solids to streamflow or
runoffoutside the premit area is not
excess ofthe requirements set by
UCA 40-10-17(i) ofthe Act and by
R645-301-751.

Phase III:
Until reclamation requirements of
the Act and the Dermit are fullv met.

Comments Springs and seeps should be
I measured from source at high
I and low flow periods.

During the year preceding re-
permitting. Springs, one wat€r
quality sample at low flow for
baseline parameters. Other
sites, one sample for baseline
Darameter.

Table 7-12 Ground Water Sampling
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Table 7-13 Ground Water Quality Parameter List

Field Measurements:
r F _ Water Levels or Flow

pH
Specific Conductivity (umhos/cm)
Temperature (C)

Laboratory Measurements: (mg/l) (Major, minor ions and trace elements are to be analyzed in
dissolved form only.)

:F

,1.

*
*

Total Dissolved Solids
Total Hardness (as CaCOg)
Aluminum (Al)
Arsenic (As)
Carbonate (COl-')
Cation-anion balance
Boron (B)
Bicarbonate (HCOf)
Cadmium (Cd)
Calcium (Ca)
Chloride (Cl-)
Copper (Cu)
Iron (Fe) (Total and Dissolved)
Lead (Pb)
Magnesium (Mg)
Manganese (Mn) (Total and Dissolved)
Molybdenum (Mo)
Nitrogen: Ammonia (NHl)
Nitrite (NOt
Nitrate (NO:-)
Potassium (K)
Phosphate (PO+-')
Selenium (Se)
Sodium (Na)
Specific Conductivity (umhos/cm)
Sulfate (SO+-')
Zinc (Zn)

,r
:1.

rF

,.
! F _

rl. -

,k

r&

,1.

t
:1.

Sampling Period:
- Baseline
*Operational, Post-mining

fQuarterly for site SBC-9A and SBC-4
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Location

Table 7-14 Water Monitoring Matrix: Operational Phase of Mining
Jan Feb Mar Apr Mav June July Auq3 Sept Oct Nov Dec

Streams
BC.I
BC-2
BC-3
BC-4
CK. I
CK-2
MH-1
MI I -2
FC-1
l c-2
F-C-3
FC'. I
c-5
cr-6
( - 1

oper
oper
oDer
oper
0pel'

0per

oper
oper
opef
oper

oDer

oper
oper
oper
oDer.
(}pcr.
oDe[.
field 5

I  te to
field 5

f ie ld '
l i e l d '
f ie ld '
field :

I ie ld  5

f i c l d '
f ield'

oper
oper
oDer.
oper
f ield.5
oper.
fields
fieldr
f ield5
[ieldj

field
field
field
field
lield
f rcld

field
field
field
field
lield
f ield

FC]-8

Springs

fUoper Bear Creek)
(Lower Bear Creek)
(Lower Rt Fork Bear Creek)
(IJpper Rt Fk. Bear Creek)
( [ Ipncr (.'cdar {]reck}
(l,otver Cedar Crsck)

(l,ower l\,fsQ6dden Hollow Creek)
(llppcr Mc(ladden I krllorv (lrcek)

( Lower Left Fork Fish Creek)'
(l,o$,cr l{ieht Fbrk lrish C'rcek)'
( l t iglrt  l i rrk l j i>h ( reck Prrrpcrtr I  inc) '
(tippcr Riqhr l'irrk l'ish Creek)''
(Mud Sp l ing) '
( l ipnc l  l . c l i  l r r rk  I  i sh  ( ' reck) '

lWater l t isht LIppcr Llr FC)
(\\ 'atel I l is lr t  Unpcr l- I  I i ( l )

oDer
oper
oper
oper
0per
()rlel'

field
treld
field
l ield
flr; ld
field
lield
f icld
f leld
I ie ld

oper
oper
oper
oper
field
oper
field
field
I'ielct
fieltl

oper. opef
lield lleld f-relcl
l leld f ield l leld
t'icld lleld ficld
field lleld fieiil
l ield l leld t lel t l
I'ield licld field
f icld t icld f ield
field lield lield
f ield l ield l leld
field field field
field field field
freld freld field
field field field
field field field

level level
level level
level level
level level

field oDer.
field oper.
field oDer.
field oper.
f  ield oper.
Ileld oper.
field field
licld lleld
held field
f icld l ield
fleld lleld
f ield f leld
l ield f leld
l ' ic ld l ield
f ield l lcld
l ield f leld

oper.
oper.
oper.
oper

field field
oper.

field field
field field
lleld f'ield
l leld l leld

SBC-3 (Creek Well)
SBC-4 (Bie Bear Springs) a

SBC-5 Girch Sprins) o

SBC-9A (Hiawatha Seam)
sBc-12 06-7-13-l)
sBc-r4 (wHR-6)
pBc-15 (WHR-s)

./sBc-l6 (WHR-4)"
l l 'st lc:-r6A'
i /sBC-l6r] '

sBc-17 (16-7-24-4)
c-18  (w i l l { -2 )  l

r  SB(l-20 ( l f i -8- l6-4)r
v .  S I IC-21 (  l6 -8 -18- l ) '

SIJC-22 (Stockwatcr ' l -rruglr)

S l tC-23 (  (FB( l -12)
sccr-r  ( l6-n-20-I

#;cc-2 il 6-8- r 5-5 );
SCC-3 ( Mohrland Portal)
scc-,i ( l6-8-7-3)
SMH-I (FBC-6)
SMH-2 (FBC-s)
SMH-3 (FBC-I3)
sMH-4 (FBC-4)
SMI l -5 (Stockrvuter" l  l0ugh)

Wells
SDH-2 (Well. Sec. I l. T165. R7E)
SDH-3 (Well. Sec. 10. T165. R7E)
MW-l l4 (Well. Sec 18. T16S. R8E)

oper oper.
f ieldt
tir; ld'
t i c ld :
field'
field 

j

tietd'
t ield5
fic ld'
fleld'
field. 5

field5
field. 5

field s

t ietd '

level 5

level 5

level 5

MW-117 (Well. Sec 12. T165. R8E) level r
Notes: I SeeTablesT-13 andT-17 forlistingofwaterqualitymonitoringparameters

2 oper = operational base. = baseline

level level
level level
level level
level level

J

4
5
6
'l

Baseline parameters taken in August ofyear 5 prior to each permit renewal
SBC-4 and SBC-5 shatl also be tested for oil and grease
First sample to be taken in May or June, when Gentry Mountain is accessible
A comrncnt rvjll be nade regarding the level olthe pond t'eedrng the spring
\{ilcltll nionitorirlglt Uegin one month h aft!,r M(rnthl} Inonttonng
u,ill then he done ttrr an additional six months

7-53 0r/0U07



Sitc l \ame

Table 7-l4A Surface Water Monitoring Matrix: Baseline Collection

Sitc [ )escr ipt ion Baseline \{onitoring Start Date
flc:- I
I]C-2
Itct-3
uc-.t
CK- I
cK-2
N,III- I
MI I -2
F C - I
F'('-2
ITC.3
FC]-4
FC-5
[jC-(r

FCI-7

ITC.8

Notes:

lJpper Bear Creek
l.ower Ilear Cleek
Lower Rieht frork lJeal Cleek
Upner Right Fork Beal Creek
l,lpper Ciedar Creck
Lon'er Cedar Creek
L,ower NlcCladden l{alkrw C.r'eek
Upper McCadden I{allow Creek
l,orver l-eli F'olk F ish Creek
L,ower Right Fork llsh Cleek
Right Irolk }rish Clreek Property
llprrel Right Fork lrish Creek
Itisht Fork Fish Creek Below Mud
ljpper Lell F'ork []ish Cleek
Water Itight Llpper LIr F-ish Cleek
Water Ilight Uppc'r LF Fish Creek

Selrtember 2, 1980
Septenrber'2, 1980
Januarv 5. 1987
F-etrruarv 29, 2000
June 9. 1994
Juns 9, 199.1
J u l v  3 1 .  l 9 9 l
Mal. 2007
June 9, 199,1
Jul_v 3 l .  |  99 I
May. 2007
lvlay. 2007
May, 2007
Mr*. 2007
N{ar'. 2007
Mav, 2007

Si le Name

See l 'erb lcsT- l -1 andT- lTfbr l is t ingofwaterqual i ry l lqs i t l r r ingpalr lneters
See 

'fable 
7- I4 lbr snecific months that the sites rvill be nronitorco rn

Table 7-l4B Ground Water Monitoring Matrix: Baseline Collection

Sitc Description Ilaselinc Monitoring Start Date
SI}C-3
SBL]-4
SBC-5
fillc-9A
stJC- 12
SfJC-14
sBCl-r 5
SBC. I  6
SBC-  I  64
sltct- t 6Ll
SBC- I  7
SBC- I 8
SBC.2O
SBC-2I
FiIlc-22
SIJC.23
scrc-1
SCC. I
SCC]-3
sccr-5
SMI I . I
sMil-2
sN{H-3
SMI.I.4
sMH-5

Beal C--reek Well
Big Iler Spring
[3irch Spring
Bear Canyon #l N4ine I'ortal
r6-7-r6- l
u'l{R-6
wt{R-5
\L',HR-4

t6-7-24-4
wHl{-2
| 6-8- I 6-4
| 6-tt-l ll- |
Stock Watering 1-rough
FIIC]-l2
| 6-8-20- l
I 6-8- l 5-5
Mohrland Portal
I 6-8-7-3
FUCt-6
FBC-5
FBC:-I3
I-BC-4
Stock Waterine Tlough

Januarr 5. 1987
Janrur-v 5, [987
Julv 24. 1986
September ?5.2002
June 8. 199'l
October 26, I 993
October 27. 1992
March 22. 1993
J\{a1,, 2007
Ma-v*. 2007
Mar'22. 2000
March 22, 1993
June 8" 199-1
June 8, 1994
May, 2007
March 22. 1993
June 8, 1994
June 8. 1994
January 19,1979
June E, 1994
0ctober 13. 1992
October 13. 1992
August 29, 1993
October 13. 1992
ivlal, 2007

Notes 1
a

Sce'l'ablcs 7-13 nd7-17 far listittgoi\vater qualrt_v montloring parameters
See 

'fable 
7- I .1 firr specific nronths tlrat the sites will he lnonitored in
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Ura.r C.*"a S*p
Portal Well2

€reele*ell

Bireh{prin6

Sump #l

#34'

Hia*atha$eam+*-F{e*

torin sites

Dried up early 1988, and monitoring was discontinued.

f,€tire
ar€tirr€

rC€+ire
An+ive
netire

Dried up and discontinued in 2000.

Abandoned in 1999 due to retreat and sBc-13.

Flow first measured Dec. 1991. Monitoring initiated Jan. 1992. In July, 1995,
retreat mining progressed passed this sump, making it inaccessible. Monitoring
was discontinued in August 1995. Flows from this area have subsequently

Table 7-15 Past
Sit€ ID

, Springs
SBC-I

SBC-2
S€g

- sB€"l

SBSI4

sa€-r5

s+ffi

ln-Mine Sources
SBC-7

SBC-8

SBC-9
SBS9A
SBC-10 Sump #4

sBc-l l

_qE2__ - ___
,__DH-3 _______

DH-4
SDI+E
SDI+3
l'{\ll+f4
il'4++-H+

flowed the pillared area and out ofthe l" East oillared section.
Hiawatha Seam l" North

2nd W. Monitor Well
3rd W. Monitor Well6 Abandoned in 1999 due to retreat mi

lst E. Monitor Well6 Abandoned in 1993 due to retreat mi and was

3rd W. Bleeder Monitor Well6 Abandoned in 1999 due to retreat min

A€tive

n#ir'€
l[etii€

rdrc+i{t€

The side caved in and the well was lost

Dry from 1987. Caved in, lost (2) quarters and relocated in 1991.
€reele*ell ]A€+h€
Huftln#ensertrig rq€ti.re

Dried up in 1987, with no flow through 2000. Monitoring discontinued
in 2000.

A€ti{re

n$ire

Dried up and discontinued in 2000.

Abandoned in April 2002 due to retreat mining and replaced by SBC-9A

Abandoned in 2001 due to retreat

7-54 0t/0U07



SDf'l-1. SDH-2. SDH-3. These three monitoring wells were installed in 1995 from the surface

(Plate 7-4). These wells are completed in the Spring Canyon tongue of the Star Point Sandstone,

with SDH-I and SDH-2 located to monitor the potentiometric surface in conjunction with the

DH wells discussed previously. SDH-3 was installed West of the Blind Canyon fault (western

boundary of the permit area) in order to observe the relationship of the Spring Canyon aquifer on

each side of the fault. Completion diagrams of these wells are included in Appendix 7-A. The

initial baseline data is included in Appendix 7J-A. Based on these baseline levels, a

potentiometric surface for the Spring Canyon aquifer was developed. This is shown in Appendix

7-.1, Figure l3b, and on Plate 7J-2.

In 1996, SDH-I well plugged and was lost while attempting to unplug the well. SDH-2

and SDH-3 are monitored for water levels as shown in Table 7-14.

MW-l14. 14r#-116 MW-l17. These wells were drilled in l99l by Cyprus/Plateau,

and are located North of the Wild Horse Ridge expansion area. wells are located

East of the Bear Canyon fault. MW-l14 is located immediately North of and adjacent to the

permit area. These wells were also completed in the Spring Canyon member of the Starpoint

Sandstone. Baseline water levels for these wells are included in Appendix 7J-A, and well

completion diagrams are included in Appendix 7-A. Water age dating and chemical information

will be collected from these wells to veriff that the hydrologic patterns in the Wild Horse Ridge

area are consistent with the patterns discussed in the PHC which have been found in the existing

permit area. This information will also be collected from any new wells installed within or

adjacent to the Wild Horse Ridge area.
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Additional Monitor Wells. A minimum of one additional drillhole will be installed in the
northern portion of the Wild Horse Ridge area, shown as DH-5 on Plate 5-lC. If necessary,
additional wells may be installed following the installation and evaluation of DH-5 in order to
adequately characterize the groundwater aquifers of the lower Blackhawk and upper Star point
formations. DH-5 and any additional drillholes will be tested using the same methodology,
which was used in the previous in-mine wells, described in Appendix 7-N. The holes will then
be completed as monitor wells in the same manner as described in Appendix 7-N.

Springs above the mine have also been selected based on the conclusion of Appendix 7J
and 2006 {'ield investigatiorrs that included regulating agencies and interested parties. Because
these springs are above the cclal seam water qualitv impacts are not a major concem. however
l]ow quantity impacts are. Sites were selected because they were either major contributors to
surface watet systems. or tlrey were springs that have been developed lbr beneficial use or have
r,nater rights on them. T'he major contributors to surface water systems are SMH-3. SMH-4.
SBC-12. SBCI-18. SBCI-2O. SBC-21. SCIC-1" SCC-3" and SCC-S. Perennial port ions o1'the
streams I 'eed by sites SCCI-S. SCC-2. SBC-16. SBC-I6,4. SBCI-168" SBC-20. and SBC-21 wil l
be undermined. Because of this these sites will be monitored fbr flow weekl), starting one month
prior to undermining and continuing until one morrth after underminins at which time they will
be monitored rnonthly lbr six months before retunring back to their norrnal monitoring schedule.
The actual stan time will be determined based on continual underground surveying that is
required by MSHA. During the monitoring weekly reports will be sent to the Division via email.
l-he ground water sites selected because they were developed or had water riehts are SMH-1.
SMl l -2 .  SMFI-S.  SBC-15.  SBC-16.  SBC-16,4.  SBC-168.  and SI IC-22.

Measuring the flow from springs and seeps is ahnost alwa.vs difficult because llows tend
to be dispersed and rarel_v- concentrate into well-defined channels amenable tcl discharge
measurement.
'fhe most accurate rnethod o{'rneasuring smalldischarges. and the method that will be used. is by
observing tlre time required to fill a container of known capacity. or the time required to partl)
fiil a calibrated container. T'he basic equipment is a stopwatch and a calibrated container.

Purchased pre-caliblated containers may be used or containers wiil be calibrated b) either
adding knowr volurnes of water by increments and measuring the depth ol'water in the container.
or by weiglring the container with varying amounts ol'water in it. noting the depth in the
container. and using the formula: V: (,W2-Wl)/w: wlrere: V: volume of water in the container.
W2 = weight of container with water. W I : w.eight of empt), container" and w : unit weight of
water.

T'he basic field procedure will consists of interrupting the 1'low and collectingthe water.
'I'emporary eanh dams may be constructed to divert the water through a small diameter pipe for
capture. Or it may be possible to place a trough or half of a stove pipe against the spring or seep
to carry the water to the calibrated container. Cloths. clay. or other materials r.vill be used to
temporarilv seal cracks and lbrce the water to go into the calibrated container. Where flows come
out clf the grourrd in a number of distirrct sources or if they_are scattered over a broad area. the
results of several dilferent ffleasurements will be added tosether.
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731.220 Surface Water Monitoring

In the past, C. W. Mining has monitored three stations on Bear Creek, one above (north)

the mine plan area, one at the righrhand tributary (center) and one below the mine area

(southwest). The monitoring location above the mining area is approx 3000 ft upstream from

where the mine road crosses Bear Creek in the mine plan area. The monitoring location at the

right-hand tributary of Bear Creek is located just above its confluence with the main Bear Creek.

Two additional monitoring locations will be added to this tributary for mining in Wild Horse

Ridge, one above the disturbed area (northeast), as well as a spring located in the drainage (SBC-

14, see section 7.1). The monitoring location downstream is near the Ballpark topsoil storage

pile. Monitoring stations are shown on Plate 7_4 and listed below. Monitoring points have also

been added to the Fish Creek and McCadden Hollow drainages to monitor for water quantity

impacts.

Streams
1. Upper Bear Creek
2. Lower Bear Creek
3. Lower Right Fork Bear Creek
4. Upper Right Fork Bear Creek
5. l-ower McCadden Hollow Creek -
6. Fish Creek Left Fork
7. [r ish Creek Risht frork
8. Irish Clrcek RIr Propert)'Line - IrC-3
9. ljpper Irish Creek Right Irork - IrC-4
10. Fish Clreek Past Muci Spring - FC-5
I l. ljnner Fish Creek l-e1t Fork - FC-6
12. LJpper lrish Creek LF Water Right- FC-7 .
13, tJpper lr ish Creek LF Water Right- [ ]C-8
14, l,rnner Ceclar Creek 6K- l
l-j. l,ower Cedar Creek - eK"2'
16, t lpper McCladden Hollorv Clreek - MH-2

Surface monitoring will follow the surface water sampling guidelines as shown in Table 7- 16,

using the water quality parameter list in Table -16. Monthly sampling matrix for each of the

existing monitoring stations are included in Table 7-14. Operational surface water monitoring

will continue through reclamation to bond release. 'I'hree 
),ears of'baseline will be collected on

all  new sites.

. BC-I
BC-2
BC.3
BC.4
MH-I
FC-I
r.'c-2
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Table 7-16 Surface Water Sampling

ional Moni

O 
Sampling Duration

Sample Frequency

Surface Water Bodies.

i Performed during water
level/fl ow measurements.

Quarterly for lakes, reservoirs
and impoundments (water
level and quality); monthly
flow measurements and
quarterly water quality
measurements (one sample at
low flow and high flow each)
for perennial streams.
Monthly flow and water
quality measurements during
period of flow for intermittent
streams. Sampling for
ephemeral streams determined

Surface Water Bodies.

i Performed during water
i level/flow measurements.

Quarterly for lakes, reservoirs
and impoundments (water
level and quality); monthly
flow measurements and
quarterly water quality
measurements (one sample at
low flow and high flow each)
for perennial streams.
Monthly flow and water
quality measurements during
period of flow for intermittent
streams. Sampling for
ephemeral streams determined

Two per annum for perennial
streams (high & low flow);
two per annum during
snowmelt and rainfall for
intermittent streams.

Type of Data
Collected and
Repo{ed

Comments

Additional Comments

ears (€n€

@
s"rbmissi€n-of+loPPr i or to

Flow and/or water levels and
water qualiry.

All field measurements should
be performed concurrently
with water level/flow
measurements.

will be rnonitored 4 times a

Flow and/or water levels and
water quality.

All field measurements should
be performed concunently
with water level/flow
measurements.

For every fifth year preceding
re-permitting, one sample at
low flow and high flow each
should be taken for baseline
water quality parameters.

The construction monitoring
program will be conducted on
a site-specific basis in addition
to the ooerational moni

Surface Water Bodies.

Performed during water
level/flow measurements.

Flow and/or water levels and
water quality per operational

All field measurements should
be performed concurrently
with water level/flow
measurements.
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Field Measurements:
r F _

: f _

Table 7-17 Surface Water Quality Parameter List

Water Levels or Flow
pH

1+
n

#

!r - Specific Conductivity (umhos/cm)
!N' - Temperature (C[)
* - Dissolved Oxygen (ppm) (perennial streams only)

Laboratory Measurements: (mg/l) (Major, minor ions and trace elements are to be analyzed in
dissolved form only.)

* - Total Settleable Solids
:r - Total Suspended Solids
* - Total Dissolved Solids
'r - Total Hardness (as CaCO:)

- Aluminum (Al)
- Arsenic (As)
- Boron (B)

{' - Carbonate (COr-')
'F - Bicarbonate (HCO3)

- Cadmium (Cd)
* - Calcium (Ca)
{. - Chloride (Cl-)

- Copper (Cu)
!F - Iron (Fe)

- Lead (Pb)
* - Magnesium (Mg)
'r' - Manganese (Mn)

- Molybdenum (Mo)

(Total and Dissolved)

(Totaland Dissolved)

- Nitrogen: Ammonia (NH3)
- Nitrite (NOz)
- Nitrate (NOr-)

'r - Potassium (K)
- Phosphate (PO+-')
- Selenium (Se)

'N' - Sodium (Na)
'r - Specific Conductivity (umhos/cm)
't - Sulfate (SO+-')

- Zinc (Zn)
'r - Oil and Grease
!r - Cation-Anion Balance

Sampling Period:
-Baseline
*Operational, Postmining
#Construction
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Flows will be determined by direct measurement (depth times width times 2/3 velocity),

by use of eirs or flumes, or, whenever feasible, by timed filling of a unit

volume container. Measurements will be taken by qualified personnel following standard

procedures with calibrated instruments.

Stream rnonitorirrg sites were selected based on the conclLrsiorr of Appendix 7.1 and 2006

field investigations that included regulating agencies arrd interested parties.

Annual Report. An Annual Report evaluating all data collected for the year will be submitted to

DOGM as required.

OuarterlLData Submission. All water monitoring data will be submiued to DOGM on a

quarterly basis within 30 days following the end of the quarter.

Discharge Permit and Reporting. All discharge report forms filed to meet Government

requirements will be submitted to DOGM in the quarterly Water Monitoring Report. A copy of

the mine discharge permit is included in Appendix 7-8.

Post-Mining Portal Discharge. No gravity discharges are expected from the Bear Canyon No. 3

or No. 4 mines during or following reclamation. Any post-mining portal discharge that occurs

will be monitored quarterly for operational parameters shown on Table 7-16. No water will be

discharged into the mine during or following reclamation.
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Undermining of Perennial Streams. There are two areas where perennial streams will be

undermined. They are the upper reaches of the right fork and left fcrrk of Fish Creek.

The left tbrk is f'ed by one watershed and several springs. FC-7 and FC-6 are

surface monitoring sites in this watershed, however flow has only been observed at tlrese

points during major storm events and spring run-off. Most of the year the streams are dry

above the confluence of the major springs feeding it. These springs are SBC-18, SIIC-

20. and SBC-21. with SBC-21 being the largest. The confluence of these springs with the

main streanr channel is inaccessible.

The right fbrk of Fish creek has two splits and is fed by three watersheds. The left

split of the stream channel has base flow fed by SCC-5. 'fhis point also marks the start of

the perennial section. The center split base flow is fbd by SCC-2 which also marks the

start of the perennial section for the center split. The right split is dry except during

spring run-oflf or large storm events. However during wet years water may flow from site

IrC-5 (Mudd Spring). Because of this FC-5 was selected as the start of the perennial

section of the right split. Monitoring site FC-4 was selected because it is the confluence

of the three splits. Site FC-3 rlarks the property line between private and federal

property. and site FC-2 was selected to monitoring off site impacts.

In these areas C. W. Mining will increase the monitoring of these sites to a

weekly basis one month prior to mining in the area. This weekly monitoring will continue

r.rntil one month after mining has left the area. Monitoring will then be reduced to once a

montlr fbr an additional 6 months at which time it will resume its normal schedule. This

increased rlonitoring will inclucJe the sites FC-z, FC-3, F-C-4, FC.5, and SCC-2 fbr the

right fork of lr ish Creek, and [ iC-1. FC-6. SBC-16, SBC]-16A, SBC-168. SBC-18, SBC-

20. and SBC-21 for the left fotk of Fish Creek. 
'Ihe 

actual start time will be determined

based on continual underground surveying that is required by MSHA. During the

monitoring weekly reports will be sent to the Division via email.
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I 731.300 Acid and Toxic Forming Materials

All provisions of R645-301-731.300 will be followed when dealing with acid or toxic

forming material

731.400 Transfer of Wells

This was addressed in R645-301-731.210

731.500 Discharges

C. W. Mining's discharge permit is located in Appendix 7-B.

731.530 Water Rights and Replacement

lf a state appropriated water supply is impacted by mining and/or rninirrg related

activit ies. C. W. Mining wil l  replace it  as required under R645-301-731.530 of the Utah State

Code. Also in accordance with federal lease stipulation 21. if anlz water resource that has been

identil'ied fbr protection is impacted. C. W. Mining will replace the water resource.

I-ease stipulation 2l requires the replacement of all water sources identified fbr

protection. Figure 7-0 shows all water sources identified for protection. In accordance with the

lease stipulation all sources identified will be replaced i{' impacted. Several of the sources

identified are within the subsidence alra and have been selected as water monitoring points as
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shown on Plate 7-4. The relationship between the water monitoring points and the names identified on

figure 7-0 is outlined below.

F. S. Name Monitoring Name Location

LF Fish Cr  3 SBC- I 6 Inside subsidence zone

LF Fish Cr 2 SBC- 164, Inside subsidence zone

LF Fish Cr I SBC- 168 Inside subsidence zone

RF Fish Cr SBC-18 Inside subsidence zone

Wild Horse Ridge SBC-22 Inside subsidence zone

Wild Horse Boundary none (lnspecred with trC-6) Outside subsidence zone

E McCadden none (tnsrrected rvith FC-6) Outside subsidence zone

- Salt Shack none ttnspectetl r.rittr t''C-e) Outside subsidence zone

McCadden Rdg Trough SMH-2 Inside subsidence zone

Upper Bear Can Trough SMH-5 Outside subsidence zone

COOP Bdry South East none rmseectea wiur rc-zr Outside subsidence zone

COOP Bdry South Mid none rtnspecreawitnpc-zi Outside subsidence zone

COOP Bdry South West none (tnsnected '"itn rc-zt Outside subsidence zone

COOP Bdry North none ttnspecteo wittr t c-gt Inside subsidence zone

McCadden Hollow none ttnsoectecl,uith svtt-+) Inside subsidence zone

Centry Mt Pond none Outside permit area

Sawmill Pond none Outside permit area

Sawmill Trough none Outside permit area

Ijead McCadden Trough none Outside pennit area

Upper Trail Can none Outside permit area

Trail Can Troueh FrBC-l Outside subsidence zone

Trail Canyon none Outside subsidence zone

South Trail Can Spe FBC-8 Outside subsidence zone
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State appropriated water rights with points of diversions within the permit area are shown

on Plate 7-12. All water resources identified for protection by the U. S. Forest Service are shown on

Figure 5C-3. All water resources identified for monitoring are shown on Plate 7-4. These sites were

identified in 2006 during several field surveys that included representatives from the fbllowing

agencies at one or more of the surveys.

C. W. Mining Company
Utah Division of Oil Gas and Mining
State of Utah Water Rights Division
United States Forest Service
United States Department of the lnterior - Bureau of Land Management
United States Department of the Interior - Office of Surface Mining
C. O. P. Coal Development Conrpany
ANR Inc.
Huntington Cleveland Irrigation Company
Huntington Cattle Association

The prirnary water rights owners that may be irnpacted are C. O. P Coal Development. ANR

Inc.. United States Forest Service. and Huntington Cleveland lrrigation Company. Following is a

discussion of the water usage of the entities and probable water replacement methods.

C. O. P. Coal Development

C.O.P Coal Development is the land owner and federal lease holder of all land being rnined

br- C. W. Mining Company. They are a controlling entity of C. W. Mining in is much as the.v can

dictate mining areas and methods through their lease requirements. Their water rights include stock

watering. residential. and industrial. Stock water rights are associated with springs located above the

mine witlrin the subsidence area. These lands and water are leased to cattlemen who use the water fclr

stockwatering. The springs they use for residential use are located outside of thepermit area nearthe

old Trail Canyon Mine and inside the Bear Canyon #l Mine. No irnpact is expected to these springs

based on the investigation included in appendix 7J. 'I'hese 
springs also provide the industrial water
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used for the mining operations conducted by C. W. Mining Company.

C. W. Mining has agreed to work with C. O. P Development on the replacement of any

water rights.

ANR Inc.

ANR is affiliated with C. W. Mining inthatthey are both controlline entities of Hiawatha

Coal Cornpany. ANR [nc. is the private land owner and the federal lease holder for all lands mined b.v

Hiawatha Coal. C. W. Mining is the LMU holder for all federal leases held by ANR Inc. Their water

rights include stock watering. municipal. industrial. irrigation and residential. The only water rights

located within the affected area are the ones used tbr stock waterins. Thev also lease land and water to

cattlemen.

C. W. Mining has agreed to work with ANR Inc. on the replacement of any water rights.

United States Forest Service

The U. S. Forest Sewice owns stock watering rights within the subsidence area. These

water rights are used by wildlife and cattlemen who are leasing the land and water from the Forest

Service.

Because of the nature of their use if these water rights were impacted the Forest Service

would need the water to be restored to the original location. If the impact was a cracked stream or

pond C. W. Mining would use pond liners. grouting. or other technologies available to repair the

cracks. lf the impact was a displaced spring C. W. Mining would install guzzlers. wells or other

available technolog)'to restore the water. Based on the experiences of other mines these methods have

bee'n acceptable.
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Huntinston Cleveland Irrigation Compan],

Huntington Cleveland lrrigation Company (HCIC) has water rights for stock watering.

irrigatior"r. and municipal uses. HCIC's points of diversion for their state appropriated water rights are

located downstream of the subsidence area. Because of this. the stock-watering and irrigation uses for

[{C]lC may not require replacement right at the source. They do require that the same quantity of water

flows downstream to their points of diversion. For municipal use they have two springs of concern

located outside. but near the permit area. These are Birch spring and Big Beat Spring. These springs

are discussed in depth in Appendix 7J on pages 1 l6 through I 26. If these springs were impacted HCIC

would require the same quantity of flow at a quality that meets drinking water standards.
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'fhe requirement to replace water would be contirrgent upon the finding from Utah Division

of Oil Cias and Mining that a state appropriated water suppl)i or protected water resource was

contaminated. dirninished. or interrupted by underground coal mining and reclamation activities

conducted alter October 24. 199 | .

731.600 Stream Buffer Zones

Anywhere that mining and reclamation activities are conducted within 100 feet of a perennial

stream runoff and sediment control structures exist to protect water quality. These areas are designated

as "Stream Buffer Zone do not Disturb".

731.100 Cross Sections and Maps

Plate 7 -4 shows the water monitoring locations. Plates 7- I show the hydrology of the disturbed

area and water svstems. Plate 7-10 shows in mine water survevs.
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R645-301-732 Sediment Control Measures

All disturbed areas associated with mining and reclamation operations are protected by

sediment control structures. Most of the larger areas are served by sediment ponds. Other

disturbed areas, classified as Alternate Sediment Control Areas (ASCA's), utilize alternative

methods of sediment control such as catch basins, silt fences, and interim revegetation. R645-

301-742 and Appendix 7-K contain a detailed description of these methods.

732.100 Siltation Structures

Silt fences are used through the mine site. Their location and use is described in R645-

301-742.100 and Appendix 7-K.

732.200 Sediment Ponds

This is addressed in R645-301-742.220

732.300 Diversions

This is addressed in R645-301-742.300
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732.400 Road Drainages

All roads will be constructed, maintained and reconstructed to comply with R645-301-

742.400

R645-301-733 Impoundments

Four sediment ponds are currently maintained within the permit area. All are temporary

impoundments. No permanent impoundments are proposed. These are discussed in R645-301-

742.220.

Plans and cross sections for sediment ponds A, B, C, and D can be found on Plates 7-2,7-

3,7-6, and 7- l I respectably.

Appendix 7-E contains the slope stability analysis for sediment pond A. Appendix 7-l

contains the sedimentation pond certification.
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R645-30 l-7 34 Discharge Structures

C. W. Mining has five discharge points. One is in the Bear River above the scale house.

The discharge structure consists of a pipe running from the storage tank to the river. The others

are below the sediment ponds. These sffuctures are detailed along with the sediment ponds.

R645-301-735 Disposal of Excess Spoil

C. W. Mining currently anticipates no excess spoil

R645-30L-736 Coal Mine Waste

See R645-301-528.330 for a discussion of generation, storage, and disposal of coal mine

waste.

R645-301-737 Non Coal Mine Waste

See R645-301-528.330 for a discussion of generation, storageo and disposal of non-

coalmine waste.

R645-301-738 Temporary Casing of Wells

See AppendixT-A and 7-N.
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R645-30L-740 Design Criteria and Plans

R645-301-741 General Requirements

The purpose of this section is to present the methodology used during hydrologic

calculations for the Co-op Mine complex. The hydrologic calculations performed include runoff

volumes and peak discharges, sediment storage calculations, existing sedimentation pond

capacity, and existing diversion structure adequacy. The hydraulic design of permanent

diversion structures, and adequacy of riprap is also addressed.

Runoff Calculations

Undisturbed watershed boundaries used to determine runoff conditions at the site are

shown on Plates 7-5 and 7-5A. The disturbed area boundaries and the smaller undisturbed area

boundaries are also shown in greaterdetail on Plates 7-1. Drainage areas are labeled according

to whether or not it contributes to the sedimentation ponds (disturbed), or is diverted around the

ponds (undisturbed). For example, AU-5 represents watershed 5 (U for undisturbed area).

Data obtained from these watersheds were input to a computer code called "Peak." to

generate runoff hydrographs which were used for the design of drainage diversions. Inflow

hydrographs and outflow hydrographs from the sedimentation ponds were developed using the

hydrology and sedimentology model SEDIMOT II (Warner et al., 1980; Wilson et al., 1980), or

equivalent program. Both of these codes model runoff using the rainfall-runoff function and

triangular unit hydrograph of the U.S. Soil Conservation Service (1972).
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The design calculations for diversion structures were based on the 10-yr, 6-hr storm

event. Similarly, the design calculations for the sedimentation ponds inflow and outflow

hydrographs were performed using the 25-yr,6-hr storm event.

According to the U.S. Soil Conservation Service (1972), the algebraic and hydrologic

relations between storm rainfall, soil moisture storage, and runoff can be expressed by the

equations,

and

where

(P-0.2sr
Q=

P+0.8S

1000
s J-- ro

CN

Q = direct runoff volume (inches)
S = watershed storage factor (inches)
P: rainfall depth (inches)
CN = runoffcurve number (dimensionless)

(1 )

(2)

It should be noted that (a) Equation (1) is valid only for P:0.2S (otherwise Q=0), (b)

Equation (2), as stated, is in inches, with the values of 1000 and I 0 carrying the dimensions of

inches, although metric conversions are possible, and (c) CN is only a convenient transformation

of S to establish a scale of 0 to 100 and has no intrinsic meaninq.
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The average curve number for undisturbed areas was chosen from professional

judgement and tabulated values presented in Figure 7-1 using approximate cover densities as

reported in R645-30l -321. A curve number of 76 was used for the undisturbed areas, assuming

a hydrologic soil group of C.

The curve number for disturbed areas was chosen from professional judgment and

tabulated values presented by the U.S. Soil Conservation Service (1972). Accordingly, a value

of90 was used for the pad and road areas, and a value of 100 was used for the pond area.

The translation of the runoff depth to an outflow hydrograph is accomplished in the codes

using the triangular unit hydrograph of the U.S. Soil Conservation Service (1972). This unit

hydrograph is shown in Figure 7-2 along with a typical curvilinear hydrograph. It is

characterized by its time to peak (To), recession time (T), time of base (T6), and the relations

between these parameters (i.e., T.:1.67Tp; T6:2.67Tp). Thus, from the geometry of a triangle,

the incremental runoff (Q) can be defined by the equation,

Q = (2.67TnXqn)
2

(3)

qo = 0.75(0)
Tp

where Qp: pe* flow rate (dimensioned according to Q and T)

(4)
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Figure 7-2 Cuwilinear and Triangular Unit Hydrographs
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When Q is expressed in inches and To in hours, qo will be in inches per hour. The flow at

any time 0<t<T, may be determined by simple linear proportioning of the triangular unit

hydrograph. The time to peak is related to the familiar expression time of concentration (T.) by

the equation,

T.+ t :1 .7T ,  (5 )

in which the factor 1.7 is an empirical finding cited by the U.S. Soil Conservation Service

(re72).

The time of concentration may be estimated by several formulas. For this report, T" was

determined from the following equations (U.S. Soil Conservation Service, 1972):

(6)

and

where

T" :1 .67L  (7 )

L = watershed lag (hours)
I = hydraulic length of the watershed, or distance along the main channel to the
watershed divide (feet)
S = watershed storage factor defined in Equation (2-2)
Y: average watershed slope (percent)
T, = time of concentration (hours)

The precipitation values for the design storm events were obtained from precipitation -

frequency maps for the state of Utah prepared by Miller et al., (1973). The precipitation data are

presented in Table 7-18.
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Frequency (years) Duration (hours) Precipitation
(inches)

2 6 1.0

10 6 1.5

l0 24 2 .1

25 6 1.8

TABLE 7-18 Precipitation Data for the Co-Op Mine Complex

Reference: Miller et al.. 1973

Sedimentation Ponds

POND CAPACITY

The capacity of each pond is designed based on runoff and sediment storage volumes.

The ponds are designed to completely contain the l0-year, 24-hour storm at the required

sediment storage capacity. As required by the Utah Division of Oil, Gas & Mining (1990),

R645-301-742.221.31 and 742.221.36, adequate sediment control must be provided and

maintained by periodic sediment removal.

Runoff Volume. The runofT calculations for those watersheds contributing to each pond were

performed as described above. Each analysis was conducted for the lO-year, 24-hour storm

event presented in Table 7- | 8.
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Sediment Storage. The annual sediment volumes entering the ponds were calculated using a

modified version of the universal soil loss equation (Israelson et al., 1984). The modified

universal soil loss equation is:

where,

A :RxKxLSxVM

A - computed amount of soil loss per unit area for the time interval

represented by factor R (tons per acre per year).

R - rainfall factor. R values for Utah presented by Israelson, et al. (l 984).

K- soil erodibility factor. K values for Utah presented by Israelson et al.
( I 984). (tons per acre per year per unit of R).

LS = topographic factor based on length and steepness of slope. (dimensionless).

VM : erosion control factor based on vegetative, chemical, or mechanical

measures. (dimensionless).

The maximum sediment storage volume and the 60 pct clean-out level is calculated for

each pond.

(8)
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SPTLLWAY ANALYSIS

All sedimentation ponds are constructed with spillways that are designed to pass the peak

runoff from the 25-year,6-hour storm event (DOGM, 1990) presented in Table 7-18. The pond

spillways are constructed as a riprapped open channel.

The discharge capacity of the riprapped overflow spillways was determined using a

method developed by the U.S. Soil conservation Service (1968) and expanded by Barfield et al.

( I 981 ) for broad-crested weirs. According to this methodology, the critical specific energy head

(Hr.) is determined for selected values of the energy head of water in the pond (Ho) from Figure

7-3. The discharge capacity of the spillway is then calculated for the standard 100-foot wide

rectangular section from the equation,

q, : (0.544)(go tXH,.t s;1t oo;

where, g.: discharge for standard 10O-foot rectangular section
(cubic feet per second)

(r2)

and all other parameters have been previously defined. The flow is then corrected for a

trapezoidal section using the equation,

q = [(l .5b + zH"")1150](q,) (13)

where, q = corrected discharge (cubic feet per second)
b = bottom width of channel (feet)
z = channel side slope (run over rise - dimensionless)
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Spillway design calculations are performed using the hydrology and sedimentology

model SEDIMOT II (Warner et al., 1980; Wilson et al, 1980). It should be noted that the

sedimentology option of SEDIMOT II was used during design only to permit routing of the

hydrograph through the pond. However, since sediment contributions from the 25-yea4 6-hour

event are not of concern in design of the pond (only sediment yield from the l0-year, 24-hour

and smaller storms is of regulatory concern), the sediment inputs to the model were suppressed.
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Thus, the output from the program indicates sediment concentrations of 0 milligrams per

liter. Therefore, sediment yield outputs provided by SEDIMOT II are meaningless.

It should also be noted that, although detention times shown on the SEDIMOT II output

are relatively low (less than one hour), these times have no regulatory meaning for a 25-year

event (i.e., regulatory concerns address the detention time only for the l0-year and smaller

events). Again, the program was used primarily for its spillway design capabilities and not for

dealing with the specifics of sediment yield and detention times from the Zl-year,6-hour design

event.

The model SEDIMOT II (Warner et al., 1980; Wilson et al.. 1980) assumes that the pond

is initially full of water to the elevation of the primary spillway when the storm event occurs.

This is a conservative assumption since, the pond is typically empty of water to the top of the

decant level.

POND CONSTRUCTION AND MAINTENANCE

Pond embankments were constructed in maximum lifts of l8 inches and compacted to 95

pct of T-99 compaction test capabilities at optimum moisture. Dikes are designed to have an 8-

foot minimum top width or have a top width not less than (H + 35)/5, whichever is greater. The

upstream and downstream slopes were designed not to exceed lV:1.5H, except in areas where

size is restricted. In such cases, steeper slopes were used if a 1.5 safety factor could be

demonstrated with the designated soil materials. Where soil moisture was critical to stability,

ponds were lined with bentonite clay to prevent seepage. Embankments were keyed into the

7-76 8/0u02



natural ground surface and unsuitable materials were excluded from the fill. Pond embankments

were seeded to reduce erosiono as described in R645-301-331. These methods will provide

stability protection from erosion as well as from sudden draw down.

Ponds and basins are regularly inspected and repaired, if necessary. Riprap at major

inflow points is replaced if needed. Ponds and basins will be cleaned out when 60% of the

design sediment storage capacity has accumulated.

Diversion Structures

BERMS

Earthen berms with a minimum height of 1.5 feet are constructed around the perimeter of

all disturbed areas. The location of the berms are presented on Plates 7-1. The berms are used to

prevent random discharge from disturbed areas and protect natural drainages or diversions.

These berms are routinelv maintained.

DRAINAGE DITCHES

The location of diversion ditches are presented on Plates 7-1. The ditches are labeled

based on the type of drainage it is diverting (disturbed or undisturbed).
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Diversions were designed to convey runoff from a disturbed or undisturbed drainage

area. Grades on the diversion ditches are constructed, where possible, at approximately 5 pct.

Some critical sections are riprapped with rock to reduce erosion. Ditches are routinely

maintained by removing sediment and replacing riprap when necessary.

The ditch capacity and flow velocity was calculated using the Manning and continuity

equations (Chow, 1959):

1.486
V j-- n---Ro 6750 50 (14)

and

Q:  AV

where, V = velocity (feet per second)
R = hydraulic radius (feet)
S : hydraulic slope (feet per foot)
n = roughness coefficient
Q : discharge (cubic feet per second)
A = flow area (square feet)

(15)

Peak discharges for the undisturbed drainage areas were calculated as described above.

Values of the roughness coefficient required for the solution of Equation (14) were obtained by

comparing local conditions with tabulated values provided by Chow (1959). An average

roughness coefficient of 0.035 was representative of most ditches.
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The diversion ditch geometries were measured in the field and approximated with

trapezoidal or triangular ditch cross sections. The hydraulic slope of each ditch was either

measured in the field or approximated from the topographic base maps (scale: l"=50'). The

capacity of each ditch was verified using a minimum slope value in Equation (14) and solving

for the depth of flow. The maximum flow velocity for each ditch was calculated using Equation

(14) and the maximum ditch slope measured from the topographic base maps. Flow velocities of

5 feet per second or less were considered acceptable for unlined ditches without erosion

protection. Where velocities were greater than 5 feet per second, the adequacy of the existing

riprap was determined using the methods defined below.

Calculations with Equations (14) and (15) were performed using an interactive computer

code entitled FLOWMASTER I as obtained from Haestad Methods, Inc. (1990). This code was

used to determine flow conditions in the diversion channel at the design flow rate.

CULVERTS

The location of diversion culverts are presented on Plates 7-1. The culverts are labeled

based on the drainage area diverted (disturbed or undisturbed). The location, size, and slope of

each culvert were verified in the field.

Peak discharges for the l0-year, 6-hour storm event were calculated as described above.

The adequacy of each culvert was determined using nomographs prepared by the U.S.

Department of Transportation (1977). These nomographs for circular culverts with inlet control

are presented in Figure 7-4. Based on the known culvert size, entrance type, and peak discharge,
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the headwater depth/diameter ratio was determined from the nomograph. If this value was 1.0 or

less, the culvert was considered adequate to pass the design discharge rate. If the ratio was

greater than 1.0, a closer inspection of the culvert geometry and entrance was necessary.

Exit velocities from each circular culvert were calculated based on equations 14 and 15.

Roughness coefficients of 0.024 and 0.01I were used for the calculations, which can be

considered typical for comrgated metal pipe and concrete culverts, respectively (Chow, 1959).

Riprap Protection

The use of riprap to line drainage ditches, culvert outlets, channel diversions or spillways

is required when flow velocities exceed approximately 5 feet per second. Calculations to

determine the adequacy of existing riprap sections are based on a method defined by the U.S.

Department of Transportation (l 978).

The size of stone needed to protect a diversion channel or spillway from erosion by a

current moving parallel to the channel is determined by the use of Figures 7-5 andT-6. The size

of stone (k) is determined by a trial-and-error method which consists of first estimating a stone

size.
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The mean velocity (V.) of the water must be converted to the velocity against the stone

by the use of Figure 7-5. With the velocity against the stone (Vr), enter Figure 7-5 and read the

stone size for the channel side slope (not the hydraulic slope, unless it is steeper than the side

slope of the ditch). The stone size from Figure 7-6 is the 50 percent (median) size, by weight, of

a well-graded mass of stone with a unit weight of 165 pounds per cubic foot. If the stone size

from Figure 7-6 agrees with the assumed stone size, it is correct. If not, the procedure is

repeated until agreement is achieved.
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R645-301-742 Sediment Control Measures

742.200 Siltation Structures

In order to reduce potential impacts from sediment, silt fences shall be installed as shown

in Figure 7-7. Silt fence locations are noted on Plates 7-1. A more detailed description of

sediment control using silt fences can be found in R645-301-742.300 and Appendix 7-K.
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742.220 Sediment Ponds

Four sedimentation ponds, A, B, C, and D have been consffucted to hold run-offfrom the

disturbed area of the Mine Plan to facilitate settling and filtering of contaminated surface water

from the mine site.

Surveys of A, B, and C sedimentation ponds were conducted in November 1990, and

October, 1995, by Olympus Aerial Surveys, Inc. Additional pond surveys were conducted by

EarthFax Engineering, Inc. in May, 1991. As-built surveys were completed for ponds A and B

in July, 1991, and the topography and cross sections are contained on Plates 7-2 and 7-3,

respectively. As-built surveys for Pond C was completed in August, 1993, and the topography

and cross-sections are shown on Plate 7-6.

A fourth sediment pond is proposed in 2002 to be built in conjunction with the Bear

Canyon No. 3 mine Portal Area. All of the runoff from the portal pad will report to sediment

pond D.

Discharge. Discharge from the sediment ponds is to Bear Creek or the Right Fork ephemeral

drainage. Each pond is constructed with both an open channel spillway and a decant device, 4

in. valved drainpipe with down turned inlet located above the 60 pct sediment cleanout elevation.

The decant device allows for separation of oil, grease and other floatables. Discharge to surface

waters is governed by the State of Utah Division of Water Quality. See Appendix 7-8,

Discharse Permit.
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Sediment Pond A

Calculations were performed on pond A in 1990 to determine whether the existing

structure would fully contain the design sediment volume and runoff volume from the I}-yr,24-

hr storm. Also to see if the flow-line of the existing decant device was located at the required

elevation of 2-ft above the 60 pct sediment clean out level.

To meet these requirements it was recommended that the pond be deepened 3 to 4 ft. In

1991 the pond was deepened 5 ft or 2 ft deeper than planned to a depth of 7,082 ft. This

provides for additional storage and a greater margin of safety.

The stage-capacity curve for pond A is presented in Appendix 7-F. Calculations in

Appendix 7-F were updated in Oct l99l using the as-built dimensions. A summary of the

revised data is contained in Table 7- 19.

The storm runoff volume from the lO-yr 24-hr storm event is 64,95I cu ft (1.49 acre-ft).

The computation of the runoff volume assumed a curve number of 90 for the disturbed areas,

100 for the pond area, and 76 or 83 for the undisturbed drainage contributing to the pond.

Assuming the pond fully contains this runoff volume, the decant elevation is 7088 ft. The

sediment clean out level is at an elevation of 7086 ft.2 ft below the decant elevation.
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Table 7-19 Sed Pond A Stage-Capacity Data

ELEVATTON (FT) AREA (FT) INCREMENTAL
VOLUME GT3)

CUMULATIVE
VOLUME GT3)

7.082 4826 0

10 .618

7,084 5,792 r  0.618

13,084

7.086 7,292 23.702

16,144

7,088 8,852 39.846

19.366

7.090 10.514 59.2r2

22.247

7,092 ll,733 8r.459

24,752

7,094 13,019 106 .21 I

6,590

7,094.5
Spillway Flow

Line

[3,340 112,801

20.765

7,096 1,4,347 133.s66

5,792

7,096.4
Top of

Embankment

14,613 139,336
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The maximum sediment storage volume is 39,500 cu ft, located at an elevation of 7087.9

ft. The sediment storage volume at the sediment clean out level elevation of 7086 ft, is 23,702

cu ft. With an estimated annual sediment volume of 3848 cu ft, the enlarged pond will provide

over 6 yrs of sediment storage. This scenario will allow for greater sediment storage and less

frequent maintenance.

The 25-yr, 6-hr storm was routed through the primary spillway to determine the

maximum stage and flow rate. Data obtained from these watersheds were input to a computer

code developed by Hawkins and Marshall (1979) to generate runoff hydrographs, which were

used forthe design ofdrainage diversions. Inflow hydrographs to and outflow hydrographs from

the sedimentation ponds were developed using the hydrology and sedimentology model

SEDIMOT II (Warner et al., 1980; Wilson et al., 1980). Both of these codes model runoff using

the rainfall-runoff function and triangular unit hydrograph of the U.S. Soil Conservation Service

(re72).

Although the max allowable sediment elevation is 7086 ft, computations were conducted

assuming that the pond contained the max available sediment volume of 32,288 cu ft at an

elevation of 7087.9 ft. It was further assumed that the pond was full of water up to the spillway

flow line prior to the start of the design runoff event. This results in a conservative estimation of

the max stage since, in general, the pond can be assumed to be empty to the decant elevation at

the beginning of a storm event.
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From the analysis of the 25-yr, 6-hr storm event, the max inflow rate to the proposed

pond structure is 18.65 cu ft per sec (cfs) and the max outflow rate is 13.87 cfs. The

corresponding high water elevation is 7095.08, 1.32 ft below the assumed min embankment

elevation of 7096.4 ft. Thus, pond A will adequately pass the 25-yr,6-hr peak flow.

The inlet channel to pond A was evaluated to determine the adequacy of the existing

riprap and capacity of the channel during the 25-yr,6-hr storm event. The calculations for the

inlet channel is presented in Appendix 7-F. Based on the min channel slope, the channels has

adequate capacity. Based on the max channel slope, the flow velocity is 7.1 ftper sec. Material

from the pond has been pushed up to the access road and inlet covering any riprap that may be

there. Although this flow velocity is considered erosive, the sediment will be contained by the

pond. If erosion is extensive, the inlet will be adequately maintained.

The open channel primary spillway was evaluated to determine the suitability of the

existing riprap. Using the peak discharge rate of 13.87 cfs during the 25-yr,6-hr storm, the flow

velocity was calculated to be 7.9 ft per sec. The existing median riprap diameter of 4 in. on the

channel bottom and l0 in. on the side slopes is marginally adequate for this flow velocity. The

flow velocity and riprap sizing calculations are presented in Appendix 7-F.
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Sediment Pond B

Calculations were performed on pond B in l99l to determine whether the existing

structure would fully contain the design sediment volume and the runoff volume from the lO-yr,

24-hr storm. In addition, the flow line of the existing decant device must be located at an

elevation of 2-ft above the 60 pct sediment clean out level. As recommended in 1991 the pond

was deepened approx 2 to 3 ft to accommodate the criteria discussed above. The following

calculations are based on the as-built pond geometry as shown in Plate 7-3.

The stage-capacity data for pond B were determined from the pond topography contained

in Plate 7-3. A summary of these data is contained in'fable 7-20. The stage-capacity curve for

pond B is presented in Appendix 7-F.

The storm runoff volume from the lD-yr 24-hr storm event is 9095 cu ft (0.209 acre-ft).

The computation of the runoff volume assumed a curve number of 90 for the disturbed areas,

100 for the pond area, and 76 for the undisturbed drainages contributing to the pond. Assuming

the pond fully contains this runoff volume, the decant elevation is 7064.9 ft. The 60 pct

sediment clean out level is at an elevation of 7062.9 ft, 2 ft below the decant elevation. The

sediment storage volume at the 60 pct clean out level is 2200 cu ft. The maximum sediment

storage volume is 3670 cu ft, located at an elevation of 7063.4 ft. With an estimated annual

sediment volume of 213 cu ft, the proposed pond design will provide many years of sediment

storage. This scenario is proposed since it will allow for greater sediment storage and less

frequent maintenance.
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Table 7-20 Sediment Pond B

Elevation (Ft) Area (Ft') Incremental Cumulative
Volume Volume

7,062 2,350 0

2,619.5

7,063 2,869 2,609.5

3,142.5

7,064 3,416 5,752.0

3,7r1

7,065 4,006 9,463.0

4,260.5

7,066.9 4,515 13,723.5

4,276.9

7,066 4,989 18,000.3

501 .6

7,067 5,042 18 ,501 .9

5,310

7,068 5,578 23,9tt.9



The 25-year, 6-hour storm was routed through the primary spillway to determine the

maximum stage and flow rate. Data obtained from these watersheds were input to a computer

code developed by Hawkins and Marshall (1979) to generate runoff hydrographs, which were

used for the design of drainage diversions. The inflow hydrograph to and outflow hydrograph

from the sedimentation pond was developed using the hydrology and sedimentology model

SEDIMOT II (Warner et al., 1980; Wilson et al.. 1980). Both of these codes model runoff using

the rainfall-runoff function and triangular unit hydrograph of the U.S. Soil Conservation Service

(re72).

Computations were conducted assuming that the pond contained the maximum sediment

volume of 3670 cu ft. It was further assumed that the pond was full of water up to the spillway

flow line prior to the start of the design runoff event. This results in a conservative estimation of

the maximum stage since, in general, the pond can be assumed to be empty to the decant

elevation at the beginning of a storm event.

From the analysis of the 25-year,6-hour storm event, the maximum inflow rate to the

proposed pond structure is 2.98 cfs and the maximum outflow rate is 2.40 cfs. The

corresponding high water elevation is 7067.19,0.81 ft below the minimum embankment

elevation of 7068 ft. Thus, pond B will adequately pass the 25-yr,6-hr peak flow.

The inlet channels to pond B were evaluated to determine the adequacy of the existing

riprap and capacity of the channels during the 25-year, 6-hour storm event. The calculations for

the inlet channels are presented in Appendix 7-F. Based on the minimum channel slope, both
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inlet channels have adequate capacity. The inlet channel adjacent to the road is constructed

using grouted riprap and is adequate for the maximum flow velocity of 9.0 ft per second. The

flow velocity of 2.2 ft per sec for the northern inlet channel is considered non-erosive and does

not require riprap.

The open channel primary spillway was evaluated to determine the suitability of the

existing riprap. Using the peak discharge rate of 2.40 cfs during the 25-yr,6-hr storm, the flow

velocity was calculated to be 5.25 ft per sec. The existing median riprap diameter of 6 inches is

adequate for this flow velocity. The flow velocity and riprap sizing calculations are presented in

Appendix 7-H.

Sediment Pond C

The following calculations are based on the as-built pond geometry shown in Plate 7-6.

The stage-capacity data for pond C are contained in Table 7-21. The stage-capacity

curve for pond C is presented in Appendix 7-F'.

The storm runoff volume from the l0-yr 24-hr storm event is 7,881 cu ft (0.181 acre-ft).

The computation of the runoff volume assumed a curve number of 90 for the disturbed areas,

100 for the pond area. The decant elevation is 7032.3 ft, allowing for a water storage volume of

10,423 cu ft. The 60 pct sediment clean out level is at an elevation of 7030.3 ft,2 ft below the

decant elevation. The sediment storage volume at the 60 pct clean out level is 3,169 cu ft. The
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maximum sediment storage volume is 5,282 cu ft, located at an elevation of 7031.4 ft. With an

estimated annual sediment volume of 126 cu ft, the sediment level would reach the 60 pct

cleanout level in approximately 25 years.

Computations were conducted assuming that the pond contained the maximum sediment

volume. It was further assumed that the pond was full of water up to the emergency spillway

flow line prior to the start of the design runoffevent. This results in a conservative estimation of

the maximum stage since, in general, the pond can be assumed to be empty to the decant

elevation at the beginning of a storm event. Pond C will adequately pass the 25-yr, 6-hr peak

flow.

The inlet channel to pond C was evaluated to determine size and riprap requirements.

Using the peak discharge rate of 2.66 cfs during the 25-yr,6-hr storm, the flow velocity was

calculated to be 6.03 ft per sec. The channel will be riprapped with 4 in. M.D. riprap.

Calculations for the inlet channels are presented in Appendix 7-F.

The open channel primary spillway was evaluated to determine the suitability of the

existing rip-rap. Using the peak discharge rate of 2.09 cfs during the 25-yr,6-hr storm, the flow

velocity was calculated to be 4.71 ft per sec. This flow velocity is considered non-erosive and

does not require riprap. The depth of flow is 0.09 ft Flow velocity and riprap-sizing calculations

are presented in Appendix 7-F.

7-99 8101t02



ELEVATTON (FT) AREA (FT) TNCREMENTAL
VOLUME GT3)

CUMULATIVE
VOLUME GT3)

7.026 22 0

120

7.027 218 r20

399

7,028 579 519

815

7.029 1.051 1,334

1 .315

7.030 1.578 2.648

1.736

7.031 1.894 4.384

2,070

7,032 2.245 6.454

2.4t1

7.033 2.576 8,864

2,745

7.034 2.9t4 l  1609

3.096

7.035 3.278 t4.705

1.000

7.035.3 3.390 15.705

Table 7-21 Sed Pond C Stage-Capacity Data
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Sediment Pond D

This sediment pond is designed to treat the runoff from the No. 3 Mine portal pad in Wild

Horse Ridge. The design is based on the proposed geometry shown on Plate 7- I 1 . The stage-

capacity data for pond D is shown in Table 7-22. A stage-capacity curve is presented in

Appendix 7-F, along with the design calculations.

The storm runoff volume from the lO-yr 24-hr storm event is 3,855 cu ft (0.088 acre-ft).

The computation of the runoff volume assumed a curve number of 90 for the disturbed area and

the pond area. The decant elevation is 7648 ft, allowing for a water storage volume of 5,565 cu

ft. The 60 pct sediment clean out level is at an elevation of 7646.3 ft,1.7 ft below the decant

elevation. The sediment storage volume at the 60 pct clean out level is 665 cu ft. The maximum

sediment storage volume is 1,109 cu ft, located at an elevation of 7647 ft. With an estimated

annual sediment volume of 24 cu ft, the sediment level would reach the 60 pct cleanout level in

approximat ely 27 years.

The spillway calculations were made assuming that the pond contained the maximum

sediment volume and was full of water up to the emergency spillway flow line prior to the start

of the design runoff event, and assuming all of the flow went through the emergency spillway.

This results in a conservative estimation of the maximum stage and spillway design since the

pond could be assumed to be empty to the decant elevation at the beginning of the storm event.

The outlet structures will, therefore, adequately pass the 25-yr,6-hr peak flow.
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The inlet channel to pond D was evaluated to determine size and riprap requirements.

Using a peak flow of 1.03 cfs for the 10-yr, 24-hr sorm, the flow velocity was calculated to be

6.62 fps. The channel will be riprapped with 4 in. M.D. riprap. The inlet design calculations are

shown in Appendix 7-F.

For the emergency spillway, the flow velocity was determined to be 8.04 fps. To prevent

erosion, the spillway will be riprapped with 6" M.D. riprap. The spillway design calculations are

also shown in Appendix 7-F. A minimum safety factor of 1.36 was determined for rapid

drawdown conditions.

TableT-22 Sediment Pond D Stage-Capacity Data

Elevation (ft) Area (ft2) Incremental
Volume (ft')

7,644 42.2 0

125

7,645 208.65 r25
338

7,646 467.98 463

646

7,647 82s.02 1,109

1,050

7,648 1,274.70 2,159

1,619

7,649 1,962.65 3,778

2,417

7,650 2,871.97 6,195

1,529

7,650.5 3,243.73 7,724
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Slope Stability Analysis

A computer slope stability analysis for pond "A" is contained in Appendix 7-E. The

computer analysis of the sediment pond included the condition under which the most

conservative factor of safety would be derived. This is a condition wherein the soil is saturated

from the sediment pond being full of water and then the analysis is run with the sediment pond

empty. For purposes of analysis the soil was assumed saturated by the water occasionally held in

the pond. The cross-sections towards the back of Appendix-E indicate a division between soil

No. 2 and soil No. 1. Referring back to the computer printout sheets, soil No. 2 is indicated to be

in a saturated condition.

Again, this analysis provides for the most conservative results and is the worst condition;

which would only occur after saturation due to the sediment pond being full and then after rapid

"draw-down" or dewatering of the sediment pond. This same material was used in the

construction of Ponds "B" and "C". A Slope Stability Analysis of the material to be used to

construct Sediment Pond "D" is shown in Appendix 5-J.

Pond Maintenance and Monitoring

All embankments of temporary impoundmentso surrounding areas, and diversion ditches,

disturbed or created by construction shall be graded, fertilized, seeded and mulched to comply

with the requirements of R645-302-353 immediately after the embankment is

complete. Areas in which the vegetation is not successful, or where rills and gullies develop

shall be repaired and revegetated.
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In addition, all dams and embankments shall be routinely maintained during the mining

operation. Any vegetative growth will be cut where necessary to facilitate inspection and

repairs. Ditches and spillways shall be cleaned as needed. Any combustible materials present on

the surface shall be removed and all other appropriate maintenance procedures followed.

Sediment ponds will be cleaned out when they reach the 60 pct clean out level. Sediment

material from the sedimentation ponds will be placed in the sediment pond waste area (Plate 5-

2C) and is discussed in Appendix 5-O.

Ouarterly Inspections. Quarterly inspections will be made of all sediment ponds and submitted

to DOGM with the quarterly Water Monitoring Report. If any inspection discloses that a

potential hazard exists, Co-Op will notiff the Division immediately as required by R645-301-

515 .200 .

Annual Inspections. Annual inspections will be made by a qualified registered professional

engineer of all sediment ponds and a certified report will be submitted to the Division with the

annual report. The reportwill include discussion of items noted in R645-301-514.312. Copies

of the reports will be placed in Appendix 7-1.
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Portal Pad Catch Basin

Runoff from the Belt Portal Pad area is collected and totallv contained in a catch basin at

the base of the road slope (See Plates 5-2 and 5-5). Calculation factors for catch basin sizing are

listed below.

Factor

Area

Soil Type
Min Infiltration Rate

6 hr-l0 yr Storm
Rainfall Data Base

Value

3,765 #

C
0.05 to 0.15 in.ftr
use 0.10 in.lhr, see p 7F-7

1.38 in. (0.23 in./hr)
Hiawatha Data by E. Arlo Richardson.
See App 7-G.

Total Accumulation 245 ft3

(3,765 ft2 x(0.23 in.ftrr - 0.10 in./hr) x |  f t l l2 in. x 6 hr

Catch Basin Size

Area

Av Depth

Berm Height

Excess Volume

442ft3

3s4 ff

r.25 ft

1.5 ft min

198 ft3

Note: The hoist located in the basin is a tubular structure and will not appreciably affect the

overall storage capacity of the catch basin and will not jeopardize the structure's effectiveness

during the design event.
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742.300 Diversions

The majority of the disturbed area of the Bear Canyon Mine is on the west side of Bear

Canyon (same side as the No. I and2 mine portals and to the south). Run-offfrom this west side

disturbed area is collected and channeled to Sedimentation Ponds "A" and "C" with exception of

runoff from the ASCA areas (Alternate Sediment Control Areas) which are described in

Appendix 7-K. The small amount of run-off from the disturbed area east of Bear Creek where

the scale house building is located is channeled to Sedimentation Pond "8". The runoff from the

Wild Horse Ridge Portal Area is channeled to Sediment Pond "D". Remaining disturbed areas

are designated as ASCA's and treated as described in Appendix 7-K. In order to minimize the

amount of water crossing the disturbed area, run-off from the undisturbed areas above are

diverted around or channeled through the disturbed areas and into Bear Creek. Plates 7-l show

the arransement of the various sedimentation and diversion structures.

The existing facilities within the Co-Op Mine were constructed in a manner, which

minimizes changes to the prevailing hydrologic balance. Contributions of sediment to the stream

channel are prevented by diverting drainage from undisturbed areas away from the site. In

addition, existing sedimentation ponds collect disturbed area surface runoff, and a system of

berms around the disturbed areas prevent drainage to the stream channel.

In addition, Co-Op implemented an extensive interim revegetation program in October

1983 wherein soil tackifiers and mulches were utilized to stabilize the soil for vegetation

establishment. Additional interim revegetation has been performed since that time as required.
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Storm Runoff Calculations

Peak discharge rates from the undisturbed and disturbed area drainages of the Co-Op

Mine were calculated for use in determining the adequacy of the existing diversion ditches and

culverts. The storm runoff calculations for the temporary diversion structures were based on the

lO-year, 6-hour storm event of 1.5 inches of precipitation (Miller et. al., 1973).

The undisturbed drainage areas for the Co-Op Mine are presented on Plate 7-5. The

disturbed drainage areas are presented on Plates 7-5 and 7-1. Each drainage arca is labeled

according to whether it contributes to the pond (typically, disturbed) or is diverted (undisturbed).

For example, AU-6 represents undisturbed watershed number 6.

Curve numbers for the undisturbed drainage areas were estimated from vegetation data

presented in R645-301-321, and by field observations. Cover densities were estimated from

information presented in R645-301-321. Based on a cover density of 40 pct, a curve number of

76 for the undisturbed areas was estimated using Figure 7-1. Curve number calculations are

presented in Appendix 7-G.

The curve number for disturbed areas was chosen from professional judgment and

tabulated values presented by the U.S. Soil Conservation Service (1972). Accordingly, a value

of90 was used forthe pad and road areas.

Data obtained from the watersheds were input to a computer code called "Peak" to

generate runoff hydrographs. This computer code models runoff using the rainfall-runoff
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function and triangular unit hydrograph of the U.S. Soil Conservation Service (1972).

summary of the runoff calculations is presented in Table 7-23. All runoff calculations

contained in Appendix 7-G.

Diversion Structures

Diversion structures within the Co-Op Mine area include drainage ditches and culverts to

convey storm runoff from disturbed and undisturbed drainage areas, and berms to contain

disturbed-area drainage. These diversion structures are located on Plates 7-1. The peak

discharge rates are based on the l0-year,6-hour storm event.

The dimensions of the existing diversion ditches and berms were measured in the field.

The measurements approximate either a trapezoidal or triangular shape. Typical sections for

each diversion identified on Plates 7-l are contained in Table 7-24 intabular form.

The capacity of existing diversion ditches was determined by calculating the normal

depth of flow based on a minimum ditch slope. The maximum flow velocity was calculated

based on the maximum ditch slope. Ditch slopes were measured in the field and estimated from

topographic maps with a scale of l" : 50'. An average ditch slope was measured for those

sections without an apparent change in grade. Maximum and minimum slopes were measured

where applicable. A summary of ditch calculations is presented in Table 7-24. All ditch

calculations are contained in Appendix 7-G.

A

are
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TableT-23 Summary of Storm RunoffCalculations for l0 Year 6 Hour Storm

7-109 8/0r/02



TableT-23 Summary of Storm Runoff Calculations for 10 Year 6 Hour Storm (cont)

Watershed Curve Number
CN

Time of
Concentration (Hr)

Drainage Area
(Acres)

Peak Discharge
(CFS)

AU.2O 76 0 .131 20.55 2.37

AU-21 76 0. r  l0 9.45 l . l 5

AU-22 76 0.086 t2 .12 1 .59

AU-23 76 0.093 5.25 0.64

AU-23A 76 0.033 0.28 0.04

AU-24 76 0 .1 l9 13.89 r.66

AU-25 76 0.087 2.27 0.30

AU-26 76 0.033 0.63 0 .10

AU-27 76 0.027 0.2 0.03

AU-28 76 0.039 0.s9 0.09

AU-28A 76 0.071 0.99 0.14

AU-29 76 0.025 1.29 0.29

AU-294 76 0.023 0.55 0.67

AU-30 76 0.029 0.49 0.08

AU-3I 76 0.048 2.21 0.32

AU-32 76 0.036 r .84 0.28

AU-33 76 0.040 0.71 0 .11

AU-34 76 0.045 1.84 0.27

AU-35 76 0.032 0.2 0 .13

AU.36 76 0.031 0.75 0. r2

AU-37 76 0.1 98 r39.82 13.64

AU-38 76 0.094 8.97 l .15

AU-39 76 0.048 t.26 0 . 1 8

AU-40 76 0.283 197.5 15.96

AU.4I 76 0.100 I  1 .59 t.46

A^U.42 76 0.002 4.24 0.67

AU-43 76 0.09s 13.7 t ; 15



Table 7-23 Summary of Storm Runoff Calculations for l0 Year 6 Hour Storm (cont)

Watershed Curve Number
CN

Time of
Concentration (Hr)

Drainage Area
(Acres)

Peak Discharge
(CFS)

Bear Creek 76 0.604 1,728 108.18

Bear Creek' 76 0.604 1,728 108 .1  8

7-rll 8/0u02



TableT-23 Summary of Storm RunoffCalculations for l0 Year 6 Hour Storm (cont)

Sized for the 100 Yr - 6 hr storm event.

Watershed Curve Number
CN

Time of
Concentration (Hr)

Drainage Area
(Acres)

Peak Discharge
(CFS)

AD-IA 76 0.090 3.70 0.48

AD-IB 76 0.037 2. r2 0.32

AD-24 76 0.040 0.97 0. l  s

AD-2B 83 0.025 1.08 0.41

AD-2C 83 0.012 0.25 0 .10

AD-3A 76 0.034 1.49 0.23

AD.3B 76 0.034 0.78 0.r2

AD.4 83 0 .01 I 0.08 0.03

AD-5 76 0.056 2. r3 0.30

AD-6 90 0.220 1.39 0.81

AD-7 90 0.1 45 2.95 1.83

AD-8 upper 90 0.02r 0.70 0.48

AD-S lower 90 0.247 2.79 1.59

AD-9 90 0.069 0.35 0.23

AD-10 upper 90 0.026 0.30 0.20

AD-IOlower 90 0.078 0.65 0.42

AD-I I 95 0.01I 0.69 0.65

AD-12 upper 90 0.020 0.22 0 .15

AD-l2lower 90 0.076 0.34 0.22

AD-I3 9 l 0.r06 1.78 1.23

AD-14 90 0.009 0.08 0.05

AD. l5 90 0.069 1.83 r .20

AD-16 90 0.030 0.77 1.24

AD-I7 90 0.0r9 0.24 0 .16

AD-I8 90 0.170 0.9 0.55

AD-I9 90 0.009 0 .15 0.r0

AD-20 90 0.019 0.47 0.32
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TableT-24 Summarv of Division Ditch Calculations

I Ditch Bottom
width
Gt)

Top
width
Gt)

Depth
(F0

Type
Side Slope

H:V

Measured
Slope %

Contributing
Watershed

REQ'D Av.
Rip-Rap Size

0n.)

D.1D 0 r .33 0.67 l : l
2 Min
l l  Max AD-3A Soil

D-2D 0 r .33 0.67 l : l
6 Min

20 Max AD-3A. AD-5 Bedrock

D-3D 0 2 I l : 1

2 Min
6 Av.

l8 Max AD-3A. AD-5. AD.7

Soil
Soil

Grouted

D-4D 0 2 I l : 1

2 Min
6 Av.

17 Max AD-I4

Soil
Soil

Dso 6"

D-5D 0 1 .33 0.67 l : l
4 Min
l0 Max AD.9 Soil

D-6D 0 J 1 .5 l : 1
2 Min
4 Max

AD-3A, AD-5
AD-7, AD-9, AD-IO

AD-12. AD-14 Soil

D-7D 2 3.5 0.75 l .5 :1

2 Min
6 Av.

55 Ma"r

AD.IA, AD-IB, AD-ZA
AD-28, AD-ZC,AD-3B

AD-4. AD-6. AD-8

Soil
Soil

Dro 6"

D.8D 0 2 l : l
2 Min
7 Max AD-I3 Soil

hilt?", 0 14 0.33 6 :1 3 Av. AD-I3 Soil

D-9D 0 2 l : l
4 Min

l 0 AD-I5 Soil

D-IOD J . J J 0.67 1 .5 :1
7 Min

50
AD-6, AD-38, (part)

AD-2B. AD-2C
Dso 4"

Bedrock

D-I  ID 0 0.5 l : l
4l Min

Near Vert. Tipple Wash Hose
Grouted
Rip-Rap

D-IzD 0 0.5 l : l 8l Av. Tipple Wash Hose Soil
D-I3D

Water Shed 0 6 0.5
l 0 : l
2 : l 0.5 Av. AD-6 Partial Soil

D.I4D 0 1.33 0.67 1.5 :  I 0.06 Av. AU-4A Soil

D-15D 0 2.00 L00 l : l 0.05 Av. AD-I6 Soil

D-16D 0 1 . 5 0 1 . 7  5 l : l 0.05 Av. AD-I8 Soil

D.17D 0 .96 l : l 0.08 Av. AU-23. AD-20 Soil

Notes: l. Dimensions given indicate minimum requirements. Actual dimensions may vary. Minimum
required cross-sections will be maintained.

2. The use of line drainage ditches is required when flow velocities exceed approximately 5 feet per
second. Rip-rap may be installed where not required.
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TableT-24

Ditch Bottom
widthG0

Top Width
fFt)

Depth (Ft) Type
Side Slooe H:V

Measured Slope
%

Contributing
Watershed

REQ'D Av.
Rio-Rao Size fln.)

D-IU a 1.33 0.67 l : l
2 Min

8 Max
AU-5 Soil

D-2U 0 1.33 0.67 l : l
7 Min

l0 Max
AU.6, AU-II Soil

D-3U 2 0.5 l : l
4 Min

l8 Max
AU-8 Soil

D-4U 4 1 .5 :  l

I Min

l0 Av.

18 Max

AU.IO

Soil

Soil

Dso 6"

D-5U 0 I 0.5 l : l
4 Min

l3 Max
AU-15 Soil

D-6U 0 1.33 0.67 l : l
3 Min

16 Max
AU-I4 Soil

D-7U 0 1.33 0.67 l : l
I Min

16 Max
AU-12 Soil

I o-ru 2 4 0.67 l : l
2 Min

3l Max

AU-l, AU.I", AU-1B, AU-IC,

AU.2, AU.2", AU-2B
Soil

D-9U J 5 l : l
I Min

6 Max
AU-I6

Soil

Dso 4"

D-IOU J 4 0.5 l : l
3 Min

l0 Max
AU.I7 Soil

D- I IU 0 2 l : l
3 Min

8 Max
Misc. road damage Soil

D-I2U 0 1.5:  I
3 Min

9 Max
AU-I8

Soil

Dso 4"

D-I3U 0 2 l : l
2 Min

23 Max
Misc. road damage Soil

D-I4U 4 5.5 0.5 1 .5 :1
6 Min

66 Max
Sed Pond A Outlet

Dso 4"

D5o 10"

D-I5U 0 2 0.67 1 .5 :  I
5 Min

16 Max
AU-3 Soil

D-I6U 0 2 0.67 1.5:  I l0 Av. AU.IB Soil

Summary of Division Ditch Calculations (Cont)
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Table 7-24 Summary of Division Ditch Calculations (Cont)

Ditch Boffom
width
(Ft)

Top
width
(Ft)

Depth
(F0

Type
Side Slope

H:V

Measured
Slope %

Contributing
Watershed

REQ'D Av.
Rip-Rap Size

(In.)

D-I7U 0 2 0.67 1 .5 :  I 13 Av. AU-1" Bedrock

D-I8U 0 2 0.67 1 .5 : l 5 Min AU-I Soil

D-19U 0 2 0.67 1 .5 :1 6 Av. AU-2B Soil

D-2OU 0 1 .33 0.67 l : 1 16 Av. AU-42 Soil

D-2IU 0 2 1 .0 1 : 1 13 Av. AU-43 Dso=3"

D-22U 0 J 1 .0 1 .5 : l l l  Av . AU-19, AU-25 Dso=6"

D.23U 0 l . l 6 0.58 l : l 19 Av. AU.36 Soil

D.24U 0 1 . 1 6 0.58 l : l 14 Av. AU-35 Soil

D-25U 0 I 0.5 l : l l6 Av. AD-I7 Soil

D-26U 0 I 0.5 l : l 24 Av. AU-32 Soil

1D-27u 0.50 2 0.5 1 .5 :  I 13 Min,30 Max AU-3I Soil

D-28U 0 I 0.5 1 :1 l4 Av. AU-33 Soil

D.29U 0 1 .33 0.67 l : l 8 Av. AU-34 Soil

D-3OU 0 L 1 6 0.58 l : l 13 Av. AU-25 Soil

D-3IU 0 a
J 1.0 1 .5 :  I 12 Av. AU-20, AU-26 Bedrock

D-32U 0 I 0.5 l : l l7 Av. AU-30 Soil

D-33U 0 l . t 6 0.58 l : 1 l8 Av. AU-29 Soil

D-34U I 2.74 0.s8 1 .5 : l l l  Av . AU-24 Soil

D-35U 0 2.0 1 .0 l : l l0 Av. AV-29 Soil

D-36U 0 1 .0 0.5 l : l 8 Av. AU-27 Soil

D-37U 0 1 . 4 0.7 l : 1 8 Av. AU-26, AU-21 Soil

D-38U 0 1 .33 .0.67 l : l 12 Min,20 Max AU-2I Dso=3"

D-39U 0 1 .0 0.5 l : 1 l0 Av. AU-28 Soil
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TableT-24 Summary of Division Ditch Calculations (Cont)

Ditch Bottom
width
Gt)

Top
width
(FO

Depth
(Ft)

Type
Side Slope

H:V

Measured
Slope %

Contributing
Watershed

REQ'D Av.
Rip-Rap Size

fln.)
D-4OU 0 1 .5 0.75 1 : l 9 Av. AU-24A, C-39U Dso=3

D-4IU 0 2 l : 1 l5 Av. AU-22, AU-23A, C-40U Dso=4

D-42U 0 0.5 0.2s l : 1 36 Min. 63Max AU-23A Soil

D-43U 0 2 2 2 :1 20 Min, 45 Max AU-23 Dso=5

Notes: l . Dimensions given indicate minimum requirements. Actual dimensions may vary.
Minimum required cross-sections will be maintained.
The use of riprap to line drainage ditches is required when flow velocities exceed
approximately 5 feet per second. Riprap may be installed where not required.

2.
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All calculations for the diversion ditches resulted in a maximum flow velocity of less

than the maximum permissible velocity. A flow velocity of less than 5 feet per second was

considered non-erosive for those ditch sections with little or no riprap or vegetation. For those

ditch sections with an abundance of vegetation or riprap maximum permissible velocities were

based on the channel characteristics as presented in Appendix 7-G.

Fifty-three culverts have been or will be installed within the Co-Op Mine area to divert

storm runoff from the disturbed and undisturbed drainage areas. These culverts were located in

the field and are identified on Plates 7-1.

The adequacy of the culverts to pass the design flow rate was determined. Table 7-25

summarizes the culvert sizing calculations. Because the resulting HWD (headwater depth

divided by the culvert diameter) ratio is less than one for each culvert, these existing culverts will

adequately pass the design storrn. Culvert calculations are presented in Appendix 7-G.

The slope of each culvert was measured in the field. Calculations were performed to

determine the exit velocities at each culvert and the required riprap. A summary of the culvert

flow velocity and riprap sizing calculations is presented in Table 7-25. Culvert flow velocity

computations are presented in Appendix 7-G.

Where culvert exit velocities were in excess of the maximum permissible velocity,

erosion protection measures were designed. These measures are presented in Appendix 7-G.
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Table 7 -25 Culvert Characteristics

Culvert Diameter
(in.)

Type Contributing
Watersheds

Slope
(fl/ft)

Outlet Condition

C.21U 36 CMP Right Fork Drainage 0.06 Bedrock

c-22U 20 CMP AU-r9, AU-25 0.06 Soil

C.23U 36 CMP AU-36, AU-35, AU.34,
AU-20, AU-26,C-24U

0.06 I 1" rip-rap

C.24U 32 CMP AU-40, C-25U 0.06 10" rip-rap

C.25U 30 CMP AD-I7, C-26U 0.06 8" rip-rap

C-26U 30 CMP AU-39, AU-32,AU.33,
c-30u, c-34u

0.06 8" rip-rap

C-27U t5 CMP AU-22,AU-28, AU29A,
AU-31

0.06 4" rip-rap

c-28U l 5 CMP AU-43,C-29U 0.06 4" rip-rap

C-29U l 5 CMP AU-20, AU-25, AU-26 0.06 3" rip-rap

C-3OU l5 CMP AU-21, AU-27, AU-30 0.06 Soil

C-31U t2 CMP AU-29 0.06 Soil

C-32U l5 CMP AU.22,AU-28, AU-29A 0.06 3" rip-rap

c-33U 24 CMP AU-24, AU-28A, AU-37 0.06 8" rip-rap

c-34U 24 CMP AD-19, AU-31, AU-37,
AU-38, C-3IU, C-32U

0.06 8" rip-rap

c-35U 84 CMP Bear Creek 0.06 48" rip-rap

c-36U l 5 CMP AU-27, AU-21 0 .11 3" rip-rap

C-37U l5 CMP Abandoned In Place

c-38U l 5 CMP AU-28 0.08 Soil

C-39U l5 CMP AU-22. AU-32A. C-40U 0. r8 6" rip-rap

C-4OU t2 CMP A^U.23 0.001 Soil

7-1  18 7/08/0s



TableT-25 Culvert Characteristics (Cont)

8/0t/02

Culvert Diameter
(in.)

Type Contributing
Watersheds

Slope
(ff/ft)

Outlet Condition

C. ID l 5 CMP
flexible

AD-6. AD-3B 1.00 24" rip-rap

C.2D l5 CMP, RCP
flexible

AD-28, AD-2C, AD-
38, AD-4, AD-6 4.0 10" rip-rap

C-3D 20 slt pipe AD-3A 0.03 4" rip-rap

C-4D 2 l CMP
AD-3A, AD.5, AD.7,

AD-14. C-l0D 0 .18 9" rip-rap

C.5D l 8 CMP AD-9 0.08 Soil

C-6D t2 CMP AD-IO 0.48 9" rip-rap

C-7D l8 CMP Abandoned In Place

C-8D l8 CMP AD-3A, AD-5, AD-7 0.05 3" rip-rap

C-9D l 8 CMP See C-8D 0.05 3" rip-rap

C-IOD l 8 CMP Tipple Wash Hose 0.03 Soil

C - I  ID t2 CMP
flexible

AD.4A 0.05
0.2s 3" rip-rap

C.I2D 8 CMP AD.18 0.05 Soil

C.I3D t2 CMP AU-23, AD-20 0.07 Soil



Diversion Structures Modifications

Culvert C-8U Extension. 1989

In orderto reduce migration of coal fines into undisturbed drainage, culvert C-8U which

passes under the storage pad, was extended uphill approximately 60 ft during the summer of

1989. A berm will be built to meet the required headwater and to prevent runoff to the south

from entering the drainage. The headwall will be riprapped and the existing trash rack will be

resecured to the culvert as presently installed. Extending the culvert will increase the distance

between the coal storage and the inlet to the culvert.

A small sediment basin will be constructed and maintained at the inlet of culvert C-8U in

the Spring of 1992, and cleaned as needed to reduce potential impacts of suspended solids to

surface waters.

Culvert Outlet C-lU 1991

In order to reduce erosion occurring at the outlet of culvert C-lU, a flexible culvert was

added to the end of the in-place culvert. The extension extends to a point where the discharge is

onto the rock cliff. The only runoff that crosses the slope below the Upper Storage Pad will then

be the direct impact precipitation. The flexible culvert is attached to the slope using the method

identified in Figure 7-13. Vegetation will be evaluated, stabilized, and supplemented as

required.
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A splash basin and drainage channel will be established at the immediate impact area in

the downcast material at the base of the cliff, to direct drainage to the original drainage path.

Due to the inaccessible nature of the location all work will be performed by hand. This limits the

size of rip-rap that can be placed so the construction will be reviewed by qualified personnel

along with the division. See Figure 7-8 for a profile of the cliff and downfall area. The

remaining downcast material in the pile at the base of the cliff will be stabilized with erosion

control matting and using interim reclamation procedures defined in R545-301-331 .
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Additional Control for Hiawatha Seam Mini4g

As shown on Plate 7-lC, the out-slope of the proposed Hiawatha Seam portal pad

encroaches upon the ephemeral channel between D-lD and D-2D. A 15 in. flexible culven (C-

lD and C-2D) and drainage ditch (D-l0D and D-7D), as shown on Plate 7-1C, is installed to

convey the drainage from the upper areas ofthe channel beneath the pad to the coal storage pad

below. Installation details are shown in Figures 7-9 (Downspout Structure),7-10 (Collection

Box),7-l l  (Ditch D-l0D Cross-Section),7-12 @uried Cross Sections),7-13 (Exposed Section

Anchor). Riprap specifications will be adhered to as specified in'l'able 7-24 and Table 7-5.

Prior to September 1995, the flexible culvert was used to convey the drainage the entire

length of the slope. A storm event which exceeded the design peak flow of the culvert destroyed

a section of the flexible culvert from the uppermost belt tower below the coal storage bin to the

coal processing pad. To reduce maintenance, this section will be replaced by a drainage channel

as shown in Fisure 7- I I and on Plate 7- | C.

In 1998, the lower portion of the flexible culvert was ceased to function and has resulted

in continued high maintenance. To reduce maintenance, Ditch D-7D will be extended to carry

the runoff currently flowing through Culvert C-2D. This portion of the channel will be riprapped

in accordance with Table 7-24. Since the channel slope in this area(49%o) does not exceed the

design slope for ditch D-7D (55o ), the existing design for ditch D-7D will be adequate.
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Ditch D-10D

Typical Cross-Section

Minimum channel depth = 0.6?,

Figure 7-11 Ditch D-l0D Cross-Section
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lr min I

8/0v02



Cross-Section of

Buried Flexible Culvert
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Note: In all areas where

the flexible culvert is not

buried, it will be anchored

per this typical.

Typical Anchor for

Exposed Flexible Culvert
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The drainage channel is protected by 4 in. M.D. riprap. When the drainage reaches the

Coal Processing pad, it will be conveyed into the Ditch D-7D, which will contain 6 in. M.D.

riprap (Plate 7-lC). Ditch designs are shown in Appendix 7-G.

The ditch in this area has been measured, and a typical post-mining section is shown in

Appendix 7-H as cross-section RC-3. The ditch profile is shown on Plate 7-8A as Profile RC-3.

DRAINAGE CONTROL SYSTEM BEAR CANYON NO. 1 MINE LOWER SEAM
PORTAL AREA

a. Upper Pad. Drainage from the disturbed area on the upper pad from the sub-station to
culvert C-1D, will continue to flow into culvert C-1D, as approved; the outlet location of
the flexible culvert was moved approx 20 ft to the west of the original location to direct
runoff onto the rock ledge above the Lower Seam (Hiawatha) portals; water then flows
over the rock ledge to the portal pad below;

b. Portal Pad. The northeast corner of the bin is bermed a min of 30 in. high over to the
highwall. Runoff water from the upper pad flows into Ditch D- l0D. Runoff from under
the bin flows into a collection box at the edge of the portal pad arca; the pad is sloped to
flow to the box:

c. Flexible Culvert. The collection box at the portal pad discharges into a 15 in. flexible
culvert, which discharges into Ditch D-l0D adjacent to the uppermost conveyor support;

d. Conve),or Support Area and Slope. Ditch D-l0D is constructed to weave across this area
as shown on Plate 17-lC until it reaches the Coal Processing Pad area, where it drains into
the low,er flexible culvert.

Coal Processing Pad. This pad is also sloped to drain to the culvert; water is then
conveyed down to the lower (Lump Coal) pad area;

Lurnp Coal Pad. The flexible culvert parallels the conveyor down to the lump coal bin,
passes beneath the bin supports, and empties into a catch basin/energy dissipater just
south of the bin; runoff then flows south into ditch D-7D and passes into Sediment Pond
t ' A . r '
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Drainage is shown on Plate 7-1. Detailed drawings of the various drainage controls are

shown in the attrached typical details.

Ditch D-7D. Catch Basin

In order to reduce sediment loading at the low-sloped portion of ditch D-7D a catch basin

will be constructed at the north west corner of the bath house and shop. This basin will catch

sediment, which has previously tended to block flow in the ditch behind the bathhouse and shop.

The basin will not be designed for full containment but will be installed to provide this additional

control. The basin is easily accessed and will be maintained routinely as required. See Plate 7-

l c .

Tipple Wash Drainaee 1992

Water is directed down the slope under the Tipple during cleaning. To control erosion

during this washing, a drainage channel (D-llD) will be riprapped and grouted down the slope

as shown on Plate 7-lC. Grouting is required due to the steepness of the slope (see calcs App. 7-

G). Drainage will then be directed into an existing culvert (C- 10D) that crosses the Coal Storage

Pad. This culvert was installed during construction of the pad for possible future use. From the

outlet the flow will pass down another ditch, D-12D, and into ditch D-3D.
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This controlled source of water is estimated at 50 gpm (0.11 cfs). Culvert and channel

designs were made using 0.25 cfs (112 gpm). This will result in a conservative design. Ditch D-

3D is designed for a flow of 2.36 cfs (see App. 7-G). The Tipple will not be washed during a

hydrologic event, so the design flow and the wash flow will not be combined. No alterations to

downstream drainage control structures are required and none are proposed.

Shower House Drainage Control and Stream Protection

Due to the narrow nature of Bear Canyon, disturbance for the shower house structure and

parking lot will encroach upon the 100 ft buffer zone of Bear Creek. Co-Op requests

authorization from the division for operation within this zone. Bear Creek will be protected from

disturbed runoff or sediment loading with berms placed along the lower edge of the disturbed

area. Ditch D-9D (Plate 7-lB) will convey all disturbed runoff from the area to sediment pond

"C", preventing disturbed runoff from entering Bear Creek. Stream Buffer Zone signs will be

placed at the edge of the disturbed area as shown on Plates 5-2 in accordance with R645-301-

52r .600.

Access to the area will require the crossing of Bear Creek. A 60" culvert (C-14U) will be

installed according to the stream alteration permit shown in Appendix 7-O. The only other

impact to Bear Creek will be the riprapping of the outlet to sediment pond "C", also included in

Appendix 7-O. Temporary sediment control structures will be placed in Bear Creek during the

installation of C- | 4U to trap sediment resulting from the culvert installation. Reclamation of C-

l4U will be performed in accordance with R645-30 | -760.
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Tank Seam Portal Pad & Access Road

Due to the remote location of the Tank Seam Portal Pad with respect to the sedimentation

ponds, drainage from the portal area will be controlled using a silt fence as shown on Plate 7- lE

(BTCA Area "U"). The area, approx. 0.25 acres, will be used only for mine access and portal

structures, and will not be used for storage. Ditch D-l4D will convey the drainage from AU-4A,

which includes the portal pad, to culveft C-l lD. A silt fence will be located prior to the inlet of

c- l  tD.

Runoff will be conveyed past the Tank Seam Access Road via ditches and culverts (See

Plates 7-lC and 7-lE). Runoff from the disturbed slopes and cut faces along the access road,

designated as BTCA areas "H" through "T", will be treated with silt fences and/or erosion

control matting as described in Appendix 7-K.

Culvert outlets will be located in places where the outlet conditions meet or exceed the

minimum requirements, which are shown in Appendix 7-G. 'fable 
7-25 shows the actual outlet

conditions which will exist for each culvert. These conditions reflect existing conditions within

the premining channels at the points where the culvert outlets will be located. The culverts along

the road will not require any disturbance at the outlets, but will use the premining conditions,

which exist.

The reclaimed channel designs for the Tank Seam Access Road are described in

Appendix 7-H, and reflect the pre-mining channel conditions. Pre-mining channels consisted of

eroded channels passing over large boulders embedded into the soil and/or bedrock.
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Reclamation activities for the channels will involve excavating the channel back to the pre-

mining configuration. The majority of the boulders in the pre'mining channels will remain as

markers, which can be excavated back to. Photographs of the pre-mining channels are contained

in Appendix 7-H, and the profiles on Plate 7-8C reflect the pre-mining profiles and descriptions.

Wild Horse Ridee Access

The portal pad for the Bear Canyon No. 3 Mine will drain into Sediment Pond "D". For

the remaining disturbed areas associated with the Wild Horse Ridge access road and conveyor

belt, runoff will be controlled using alternate (ASCA) treatments. See Plates 7- I F and 7- l G for

division structures and ASCA areas (BTCA Area "V". "W", '"X" and "Y").

Runoff control for these ASCA areas are described in Appendix 7-K, and will consist of

silt fences, erosion control matting and./or catch basins as described in Appendix 7-K and shown

on Plates 7-lF and 7-1G. ASCA areas under the conveyor belt will be protected by a pan

structure on the conveyor belt is described in Appendix 7-K.

Designs for the ditches and culverts associated with this area are included in Appendix 7-

G and summarized in Tables 7-24 andT-28.

The reclaimed channel designs for the Wild Horse Ridge Area are described in Appendix

7-H and R645-301-760.
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Area AD-8 Drainage. 1993

In 1993, the inlet to culvert C-7D failed, resulting in NOV 93-35-6-1. In order to

eliminate the maintenance problems with culvert C-7D, the south end of drainage area AD-8, the

coal storage pad, will be regraded to allow the drainage to flow into ditch D-7D below the fans

shown on Plate 2-4C. At this point, the storage pad is level with D-7D, allowing drainage to

easily flow into the ditch. The berm around the coal storage pad will prevent drainage over the

edge of the pad and direct the flow toward ditch D-7D. The point at which the storage pad

intersects D-7D is outside of the angle of repose of the coal pile, and the ditch will not be

plugged by coal spillage. A catch basin exists just below this point which will trap any coal fines

which may be washed into the drainage, protecting ditch D-7D below this point.

Ditch D-8D Water Bar

ln 1996, Co-Op observed that erosion problems existed which were associated with the

water bar conveying runoff from Ditch D-8D to the inlet of Sediment Pond "B" as a result of

water associated with the Water Truck. In order to eliminate these problems, the water bar and

associated channel will be grouted using an 8" concrete slab. This will prevent the channel from

eroding. Figure 7-15 shows a typical cross-section of the concrete crossing. A steel bridge

structure and swell provides vehicle crossing as shown in the figure. The bridge is designed so

that the water bar design cross-section is maintained passing under it.
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Culvert C-40U

A trash and a debris clean out basin will be placed at the entrance to culvert C-40U.

Additionally while constructing the Tank Seam Portal C.W. Mining will investigate other

methods that can be incorporated to reduce the possible culvert C-40U becoming plugged by

debris.

Additional Sediment Control

In order to reduce potential impacts form sediment, silt fences shall be installed as shown

in Fieure 7-7. Silt fence locations are noted on Plates 7-1.
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Figure 7-15 Ditch D-8D Water Bar Concrete Structure

Typical Cross-Section
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R645-301-744 Discharge Structures

See R645-301'742.220.

R645-301-760 Reclamation Hydrology

Post-Minine Rehabilitation

Upon completion of mining activities all diversion structures (ditches, culverts, ponds)

shall be removed and reclaimed as close to the original configurations as possible. Sequencing

of this reclamation shall be from the highest points in elevation to the lowest ones. [n addition,

the lower disturbed area collection ditches and the sedimentation ponds shall not be removed

until the reclaimed areas have stabilized.

The Haul Road and No. 3 Mine Access Road will remain in place to facilitate the

recreational Post-Mining Land use described in Ch. 4. All disturbed areas adjacent to these

roads will be reclaimed as described in Ch. 3.

Restoration of Natural Channels

There are eighteen channels in addition to Bear Creek whose drainages have been

disturbed by mining activities. Reclamation of all but two of these channels shall include

placement of naturally configured channels. Design of these channels is provided in Appendix

7-H. Plates 7-7 and 7-8 show the locations, typical cross-sections and profiles of these channels

upon reclamation, with the exception of channels RC-TSl through RC-TS6. Table 7-27 contains

a summary of the reclaimed channel parameters. The remaining two channels will be culverted

to allow drainage to cross the Haul Road (RCC -2 and RCC-3). Additional culverts will remain

in place on Bear Creek and along the No. 3 Mine Access Road. Plates 7-7 show the location of

these culverts. The designs are included in Appendix 7-['1. Table 7-28 summarizes the designs.
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Table 7-26 Characteristics of Proposed Reclaimed Channels

Channel
Bottom

width (ft)
Side

Slones
Depth

(ft) Linine

RC.I 6 1 .5 : l 1 . 5 D50 = 6"

RC-2 J 2: l 1 .5 D50 = 9"

RC-3 J 2: l 1 .5 D50 = 9"

RC-4 4 2: l 1 .5 D50 = 6"

RC.5 1 .5 2 : l 1 .5 D50 = 6"

RC-6 2 2 : l 1 .5 D50:6"

RC-7 6 2: l 4 D50 = 24"

RC-8 8 2: l 2.5 D50:24"

RC-9 7 2: l a
J D50 = 24"

RC-10 6 1 .5 : l 6 D50 = 24"

RC-I I 2 2 : l 1 .5 D50 = 6"

RC-12 2 : l 2 D50 = 6"

RC.TSI l0 ' -12 'Ave. l : l  Tvo 8'-9'Avg. 12"-72" Rock

RC-TS2 l2 'Avs. 1.5: l  Tvo 4'Avs.
Bedrock

12"-72" Rock

RC.TS3 6 'Avg. 1 .5 : l  Tvp 4 'Avs. 12"-60" Rock

RC-TS4 15 'Avg . l : l  Tvp 4 'Avg. 8"-36" Rock

RC-TS5 4'-6'Avg. 1.5: l  Tvp 2'-6'Avg. 18"-48" Rock

RC-TS6 20'Avs. l : l  Tvo 2'-5'Avs..
Bedrock

18"-48" Rock



Channel

Bottom
width

(ft)

Top
width

(ft)
Side

Slones
Depth

(ft) Linins

RC-RD1 0.0 6 2: l 1 .5 Soil

RC-RD2 0.0 8 2: l 2.0 D50:6"

RC-RD3 0.0 6 2: l 1 .5 Soil

RC-RD4 0.0 8 2: l 2.0 D50:6"

RC-RD5 5.0 t4 3 : l 1 .5 Soil

RC-RD6 0.0 6 2: l 1 .5 Soil

RC-RD7 0.0 6 2: l 1 .5 Soil

RC-RD8 0.0 7 2: l 1.75 D50:6"

RC-RD9 0.0 t2 3 : l 2.0 D50:6"

RC.RDIO 0.0 6 2 : l 1 .5 Soil

RC.RDI I 0.0 5 2 : l 1 .25 Soil

RC-RDI2 0.0 6 2: l 1 .5 D50 :3 "

RC-RDI3 0.0 6 2: l 1 .5 D50:3"

RC.RDI4 0.0 8 2: l 2.0 Bedrock

RC-RDI5 0.0 5 2: l r.25 Soil

RC-RDI6 2.0 7 2: l r.25 Soil

RC-BPI 0 5 3:1 .  1 : l 1.24 Soil
Note: See Appendix 7-H, pg. 130 for a discussion on channel RC-BPl .

Table 7-27 Summary of Post-mining Drainage Ditches
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Culvert Contributing
Watershed

Dia.
(in)

Culvert
Type

Slope
(ff/ft)

Outlet
Conditions

RCC.I Road Drainage l 5 CMP 0.06 Soil

RCC-2 ws-8 24 CMP 0.04 Dso = 6"

RCC-3 ws-9, ws-10 18 CMP 0.10 Dso = 12"

RCC-4 Bear Canvon 84 CMP 0.06 Dso = 48"

RCC-5 ws-2, ws-3
WS-3A 30

CMP
0.10

D5o :6 "

RCC-6 ws-12, ws-13 20 CMP 0.06 D5o = 6"

RCC-7 Right Fork Lower 36 CMP 0.06 Dso = 36"

RCC-8 ws-14. ws-16 l 5 CMP 0.06 D5o :6 "

RCC-9 ws-16 15 CMP 0.06 D5o :6 "

RCC-10 Right Fork Right 30 CMP 0.06 Dso= 24"

RCC-I I ws-19, ws-20 l 5 CMP 0.06 Dso = 6"

Table 7-28 Summary of Post-mining Culverts

Channels RC-TSI through RC-TS6 refer to the channels disturbed by the Tank Seam

Access Road. Appendix 7-H and Plate 7-8C provide documentation of the premining channels.

This documentation will be used to restore the postmining channels to the premining conditions.

Information in Table 7 -27 also represents the observed premining channel parameters.
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Bear Creek Channel Reclamation

Upon final abandonment and reclamation the culverted sections of Bear Creek will be

reclaimed as follows:

Large track mounted excavators will be used in conjunction with a small backhoe and
crawler tractor to remove the 60 in diameter culvert and to regrade the opposing banks on
approximately a 3 to I slope to facilitate revegetation and to enhance the establishment of
a riparian zone.

The recontoured channel will be riprapped as discussed in Appendix 7-H.

Two culverts, identified as RCC-4, shown on Plate 7-7 and Plates 3-2, will remain in
place for postmining land use. Designs for these culverts are included in Appendix 7-H.

Sedimentation Ponds Reclamation

Sediment ponds "A", "B" and "C" will be the last structures to be removed. Each pond

will be maintained until revegetation is established on all reclaimed lands. When revegetation

has been established, drainage ditches conveying water to the Pond will be removed, allowing

runoff to drain to Bear Creek. The ponds will then be decanted and allowed to dry. The sediment

ponds will then be regraded. Reclamation, redistribution of soils, is discussed in R645-30l-242.

Revegetation is addressed in R645-301-341. Seed mix is included in R645-301-341. Silt fences

will be installed along the creek side of the disturbance on each pond and maintained until

vegetation is re-established, at which time the silt fences will be removed. Cross sections of

reclamation channels are found in Appendix 7-H. Decant culverts will be salvaged if possible.

Otherwise, they will be disposed of in an approved landfill.

2.
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Sediment Pond "D", due to its remote location, will be reclaimed during the initial

reclamation of the NO. 3 Mine Portal Pad. ASCA treatment will be used for this reclaimed area

as described in Appendix 7-K. See Plates 3-2 for designated Post-Mining ASCA areas.

Post'Minins Water Oualitv Standards

During the reclamation bond liability, water monitoring will be conducted to assess the

potential for water pollution. Prior to final bond release, an assessment of the water quality

information will be made to assess any impacts to springs or surface water, to demonstrate that

disturbance to the hydrologic balance in the permit and adjacent areas have been minimized, and

to show that the water quality and quantity are suitable for the post-mining land uses.

Water quality standards and effluent limitations for chemical constituents will be based

on a comparison to the background levels measured and demonstrated by the baseline water

quality data.
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Appendix 7-A

DRILL HOLE LOGS



110

Hole Up

Gney Sondy Shole,,  sor,1e conbon ond coo, t

Gr^ey-Bnown Sho [e ,  some conbon ond  coo l

Gr^ey  S i l t s tone ,  some conbon  o .nd  coo l

Gney-Bnown S i t t y  Sho . te ,  no  conbon

Dor ' k  Gr^ey  Sho le ,  no  conbon

Gney  S i t t s tone . ,  some conbon  ond  coo l

Gr^ey-Ton  S i t t s tone ,  no  conbon

Gr 'ey -Ton  S i t t y  Sho . te ,  no  conbon

YeU.ow-Ton  Sho te , ,  no  conbon

Ye l low C loy  Sho le ,  no  conbon

Ye l l .ow-Ton  S i l . t s tone ,  no  conbon

130

150

160

170

180

e00

CO_OP MII{ING CO.
.-- HUNTTNGTON, UTAH _

Figure ?A- 1
SCALE: IDRAWN BY:

1" = 3o' i ru. o"t"gt
DATE:

s/fi6/a2

BEAR CAI{YON DrilI I{ole rup

Figune 7 A- I  Log,  Dni l . l .  Hote 1 up
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Hole ? Up

Gney-C[oyey  Sho le ,  some

Gr^ey  CLoy ,  so rne  conbon

conbon  ond  coo . [

ond  coo l

Ye l .Low-Tan  S i t t y  Sho te ,  no  conbon

Yet l .ow-Ton  Sho te ,  no  conbon

Ye l l .ow-Ton  C l .oyey  Sho te ,  no  co l ^bon

Ton S i t t s tone ,  no  conbon

100

140

150

t70

Ton-Gney S i t ty

Gney Shote ,  no

Shote ,  no

conbon

conbon

Gney S i t ts tone, some co .nbon ond coo. t

CO_OP MII\ING CO.

Figl lre 7 L-2

N. Ortega

BEAR CANYON Dri l l  Hole lup

B.C.

200

7 A-3 8/01/0?

Figure 7  A-? Log,  Dni t t  Hote  ?  up



Hole Down

140

170

ic0 OP MII.{Ih{GCO

Gney Sho [e , sone  conbon  ond  coo l

Gney  Sondy  Sho te ,  some conbon  and  coo l

Gney S i t t s tone ,  much  co .nbon  ond  coo l

Gney-L igh t  Brown S i t t s tone /  so r le  conbon  qnd  coo [

Gr^ey-L igh t  Bnown S i t t s tone ,  much  conbon

Gney  S i t t s tone ,  veny  t i t t l . e  conbon

- TJUNTINGTON, UTAH

Figure 7A-3
SCALE:

1"  =  30 '
URAWN tsYl

N- Ortega
DAI L:

8//06/sa

BEAR CANYON Drill Hole l up

400

7 A-4 8/0r /0?

Figune 7  A-3 Log,  Dr i l . t  Hote  1  Down



Hole 5 Down

Gney Cloyey

Grey -Brown

Gney  Sho te ,
Gney  Sondy

L igh t  B rown

Sho. te ,  coo t  s tneoks

C l .oyey  Sho te ,  nnuch  conbon

some corbon
Shote ,  some corbon

S i t t s tone ,  some corbon

N! CUTTING LIST VATER

MII{II{G

rgure /A-
SCALE:

1 "  =  3 0 '
DRAWN BY:

N. Ortega
DATE:

8lo6/02

BEAR CANYON Drill Hole l u p

Figune 7A-4 Log,  Dni t t  Hote  6  Down
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HoLe 7 Down

ico MP G

90

100

Gney  Bnown S i t t s tone ,  some conbon

Light  Brown Ctoyey Shole ,  rquch conbon
Light  Brown-Gney Shote ,  some co.nbon

Light  Brown Si t ts tone,  some conbon

Light  Bnown Sondstone,  some corbon

Light  Bnown Si t ts tone,  rnuch conbon and coot
Coat <957">, Light Bnown Sittstone <57->

Bnown S i [ t s tone ,  some co rbon

Bnown Sondstone,  some conbon

N! CUTTING LIST WATER

-oP_,_y*l*hrG co.
F''igure 7A- 5

SCAI-E: lDRAlt/N 8Y: IDAII:
1" = 3o' i t-1. ortega I g/ga/oz

BEAR CAI{yON I Drilr Hore lup

Figune 7 A-5 Log, Dr i t l .  Hol .e 7 Down
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B,C, 7  A-7 8/01/0?

HoLe 9 Down

5
10
15
20

Bnown S i t t s tone ,  n ruch  coo t
G n e y - B n o w n  S h o t e ,  s o m e  c o n b o n
Grey  C toy  Sho te ,  much  co .nbon
L igh t  B rown-Gr^ey  Sho te /  some conbon

L igh t  Bnown S i t t s tone ,  no  co rbon

NI CUTTING LIST WATfR

Figur^e 7 A-6 Log, Dnit l  Hote 9 Down

J - \ J T  I Y I I I \ I
HUNTINGTON, UTAH

Figure 7A-6
sCALL:

1 "  =  3 0 '
lJl{AwN tsYl

N. Ortega
U A I L :

B/06/frz

BAAR CANYON Drill Hole l up
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Hole 10 Down

0-3 Coo[
3-13 Gney
13 -19 Coot

L9- 40 Gr^e y

40 (Tnoce

40-55 Red

65-70 Cool

S ho.l. e

ShoLe

Coo l . )

Sonds tone

70-?00  Whi te  Sonds tone

No woten  encoun tened

c o - 0 P,,_*f,I_T,lN G c o .
Figure 7 A-7

SUALL:  IUF(AWN tsY:  IUAIL:

1" = 3o'  I  N. o"tug* |  a/og/az

BEAR CANyON I Drill r{ole rup

Figure 7  A-7 Log,  Dr i l l  Ho[e  10 Down
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0-5

5-25

?5-?7

?7 -60

Hole II Down

CooI

Gney  Sho . te

CooI

Gr^ey  Sho l .e

60-70 Bl .ock Sl .o te  (some cool )

70-80 Sof t  Br^own Shote
B0-8e,5  CooI

80-100 Vh i te  Sondstone

(Lost  c incuto t ion o . t  80 ' nega ined  w i th  dn i l . l .  mud)

No woten  encoun te r^ed

CO*OP MI}{II\G CO.
NTINGTON. UTAH

Figure 7A-B
SUALL:  IURAIVN UYI IUAIL:

1" = so* | N. ort"g" I a/aa/az

BEAR CANyON I Drur Hore lup

Figune 7A-8 Log,  Dr i t t  Hote  11 Down
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Hole 1,? Down

C O - O P -,-,YJ-T,^IN G C O .
Figure 7A-9

SCALh.: IDRAWN 8Y: IDATI:

t" = Bo' I m. o"t"g" I a/a/nz

BSAR CAI{yON I Drlt Hore lup

0-5 CooI

5 -50  Gney  Sho l .e

50-55

55-80

Bl .ock  Sta te

Gney Sho l .e

80 Lost  c incuto t ion

<? odd i t ionoI  hotes
c incuto t ion on eoch

dn i l l . ed  some oneo  los t
o f  oppnox imote ly  80 ' )

No  wo. ten  encoun tened

Figure 7  A-9 Log,  Dni l . t  Hote  t?  Down
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Ho[e 13 Down

CO-OP MII\I}IG CO.
f\.Iryf!ryqToN, uT4l-t

Figure 7A- 10
SCAL:

1"  =  30 '
DRAWHBY:

N. Ortega
DATE:

Bla6/02

BEAR CAhIYON Drill Hoie t u p

0-5
5 -6

6-?0

e0-20,3
20-35

30-  35
35-  40

40-50

50-60
60-61
61-65
60-75

Hor^d
Coo.t

Hond

Coa I

Vh i te  Sho te

Vhi te  Shol .e

Hor^d  Vh i te  Sho te

Hord Vhi te Shol .e, /Mixed Brown Shol .e
Bnown Sho te

Ton Shol .e

Hard  Vh i te  Shq l .e
( ! x i d i z e d  C o o t )  M i x e d  B n o w n  S t o t e
Hord  Vh i te  Sho te

Bnown S l .o te  rn i xed  Sonds tone

75-100  Bnown Sl.ote r r ixed Vhi te Shol .e

No woten  encoun tened

Figune 7 A-Ll  Log, Dnit l ,  Hote 13 Down

B.C. 7 A-LT 8/01/0?



HoLe 14 Down

0-5
5-10

Cool
Bnown Shote (Some coot )

10-70 Gney Shote

70 -76  So f t  Bnown  Sho le

76-88 '9 '  Grey Shote

88' ,9 ' , -95' ,  Coot
95-98 Bnown Shol .e  wi th  son le  coot
98-100 Coo[

No woten  encoun tened

co-oP_,_*flry,lr{G c0.
Figure 7A- I  I

SCALE: IDRAWN BY: IDATI:
tr" = 3o' I N. o"t"g* | a/fi6/fi2

BEAR CANYON I Drilr Hole rup

Figure 7  A- IL  Log,  Dni t t  Hote  14 Down

B,C, 7 A-T? 8/01/0?



SBC_?, SBC-3 o.nd SBC-4

Cottuvlum - Ctoy ond grovet,
Veny rrolst, ton.

Smo(t seeps, 30 to 36 feet

Gnoy slttstone wlth Intenbedded
ton, €lne sondstone, dry to
stlghtty nolst

Attuvlum - Ctoy ond grovel

Groy sltty ctoystone

Ton sondstone, flne, rrolst zone
ot 42 feet

Ton sondstone, flne, sl,lghtty
sltty, stlghtty molst, few thln
stltstone loyens - Increose
to 302, 25 to 30 feet

Dork grey shote, corbon.,
Flne sondstone toyers ot
bose stlghtty molst

Coot

Groy flne sondstone wlth
gnoy shote, tnoce coot,
st lght ty molst

Shote toyens decreose wl th
depth to troce

Few sf t ts tone toyens,  70 to
105 feet

Grey f lne sondstone,  st lght ty
sftty, shote, Intenbedde, dry

Grey slttstone, troce shote
loyens, dry

Gney slttstone, wlth shote
ond cloystone beds, dry

c 0 - o P _,_,y.,lry,llr G c 0 .
Fi.gure ?A- 12

sUALL: lur(AwN EY: IUAIL-:

1" = so' ! m. ortega I a/ffi/oz

BEAR CANyON I Drilt Hoie rup

Figune 7  A- I?  Log,  Dni t t  Hote  SBC-2,  SBC-3 ond SBC-4

B.C. 7 A-13 8/01/0?



?4?

SBC_? (cont)

Gney si t tstone with shote ond c toys tone beds  dny

Grey si t tstone, uni form, dry

Few groy shote qnd cloystone intenbeds, 280 to 400 feet,  dny

Dry

Few mois t  to veny moist  zones, 370 to 400 Feet

CO_OP MII\II\G CO.
. HUNTINGTON, UTAH --_

Figure 7A- 13
JUALL:

1 '  =  30 '
DMWN BY:

N.  Or tega

DATE:

B/06/02

BEAR CANYON Dri l l  Hole lup

Figune 7 A-13 Log,  Dni l . l .  Hote SBC-Z (cont)

B.C. 7 A-T4 8 /0 t /0?
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Permit No. UTGO4finO
Minor Industrial

STATE OF I-TTAH
DrvIsIoN oF WATER QUALITY

DEPARTMENT OF ENVIRONMENTAL QUALITY
SALT LAKE CITY, IJTAH

ATJTHORIZATION TO DISCHARGE UNDER THE

UTAH POLLUTANT DISCHARGE ELIMINATION SYSTEM
ruPDES)

GENERAL PERMIT FOR COAL MINING

In compliance with provisions of the Utah Water Quality Aa, Title 19, Clupter 5, Utah Code Annotated
("UCA") 1953, as onend.ed. (the "Act"),

C. W. Mning Company - Bear Canyon Mne

as identified in the application No. UTGO40006 is authorized to discharge from all outfall(s) to receiving waters
named:

Bear Creek

in accordance with discharge point(s), emuent limitations, monitoring requirements and other conditions as set
forth herein.

This permit shall become effective on May 1, 2003.

This permit and the authorization to discharge shall expire at midnight, April 30, 2008

Signed this 24th day of April, 2003.

Executive Secretary
Utah Water Quality Board
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EFFI"IIENT m/mAn0NS AND MONIORING REQLJIREMENTS

A. Criteria for Inclusion in the General Pedtlq[ CoalMinins

This General permit shall apply only to the discharge of reated wastewater from:

Coal nining oprations either new or existing in Utah which include or will include in part, or in whole,
alkaline mine water drainage, stonn water runolT from coal preparation plant associated areas, active
mining areas, and post mining areas until thc performance bond is released. The total dissolved solids
(TDS) is limited to a concenhation of 500 ng/L at all discharge poinh or one ton per day as a sum from
all mine water or decant oprations.

B. Notice of Intent for a General Permit for Coal Mning)

Any facility which desires coverage under this general permit for coal mining and rneets the rcquirements
of Paft I.A. can be issued general prmit coverage by submitting a notica of intent (NOD to the Division
of Water Quality.

The NOI shall include:

A completed Environmental hotection Agency Application (EPA Form 3510-l) oequivalent
information.

Location and identification numhr (such as 001,002, etc.) of each existing discharge and/or
proposed discharge point(s). this includes the latitude and longitude to the nearest 15 seconds and
the name of the receiving water(s).

A description of the source of the wastewater for each discharge point.

A description of the treatment given or proposed for the wastewater at each dischuge point and if
necessary a justification of why no treatment is required,

Flow characteristics for each discharge point such as whether flow is or will be continuous or
interminent and indicate projected and/or actual average and maximum flows in gpd.

Data for each dischuge point for the following parameters:

a. Biochemical demand (BODs).
b. Chernical oxygen demand (COD).
c. Total organic carbon (TOC).
d. Total suspended solids (TSS).
e. Flow.
f. Ammonia (as N).
g. Oil and grease.
h. Temperature.

l .

,)

3.

4.

5.

6.
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n. Date and time of analysis for each parametcr.
o. Utah certified laboratory which has completed the analysis for each para[Eter.

For each discharge point the presence or absence of any toxic and/or priority pollutants ss listcd Table II,
uAc R3l7-8-3.13.

C. Description of Discharee Point(s).

The authorization to discharge provided under this permit is limited to those outfalls specifically
designated below as discharge locations. Discharges at any location not authorized under a UPDES
permit is a violation of the Acr and rnay be subject to penalties under the Aa. Knowingly discharging
from an unauthqized location or failing to report an unauthorized discharge may be subject o criminal
penalties as p,rovided under the Acr.

Outfall Number
002

003

004

006

007

Effluent
Characteristics
Flow, MGD
Oil & Grease, mglL
Total lron, mglL

Location of Discharge Point(s)
Bear Canyon Mine Sediment Pond '.A" Treatment Facility. Latitude
Longitude 39"24'30". Discharge goes to Bear Creek.
Bear Canyon Mine Sediment Pond "8" Treatment Facility. Latitude
Longitude 39"24'30". Discharge goes to Bear Creek.
Bear Canyon Mine Underground Seepage Water Overflow. I-atitude I I lo5'30",
Longitud e 39"24' 40".Di scharge goes to Bear Creek.
Bear Canyon Mine Sediment Pond "C" Treatment Facility. Latitude I l1o5'40",
Longitude 39"24'27".Discharge goes to Bear Creek.
Bear Canyon Mine Sediment Pond "D" Treatment Facility. Latitude
1 1 lo5', Longitude 39"23'6".Disch arge goes to Bear Creek.

Monitoring Requirements
Measurement Sample

Frequency Typ"

Monthly Grab
Monthly Grab e/

I 1 I o5'40",

I I Io5'40",

D. Narrative Standard.

It shall be unlawful, and a violation of this permit, for the permittee to discharge or place any waste or
other substance in such a way as will be or may become offensive such as unnatural deposits, floating
debris, oil, scum or other nuisances such as color, odor or taste, or cause conditions which produce
undesirable aquatic life or which produce objectionable tastes in edible aquatic organisms; or result in
concentrations or combinations of substances which produce undesirable physiological responses in
desirable resident fish, or other desirable aquatic life, or undesirable human health effects, as determined
by bioassay or other tests performed in accordance with standard procedures.

Spec ifi c Li mitations and S elf-monitorin g Requ irements.

1. Effective immediately and lasting the duration of this permit, the permittee is authorized to
discharge from Outfall(s) 002, 003, 004, 006 and 007. Such discharges shall be limited and
monitored by the permittee as specified below:

Discharge Limitations a/
Average Daily

30-Day 7-Day Maximum
N/A N/A NA
N/A N/A lqc/
N/A N/A I.O

Monthly Measured b/

Total Suspended Solids, mgtL 25 35 7O
Total Dissolved Solids, mgtL 500 d/ N/A NA

Monthly Grab e/

E.

Monthly Grab e/
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The pH shall not be less than 6.5 standard units nor greater than 9.0 standard units in any sample and shall
be monitored monthly by a grab sample.

There shall be no visible sheen or floating solids or visible foam in other than fface amounts.

There shall be no discharge of sanitary wastes or process water from coal preparation plants.

N.A. - Not Applicable.

d

bt

cl

dt

el

2.

3 .

See Definitions, Part I.A for definition of terms.

For intermittent discharge, the duration of the discharge shall be reported.

If a visual sheen for oil and grease is observed then a grab sample must be taken immediately and
the results shall not exceed 10 mg/L.

If each outfall cannot achieve a 30-day average of 500 mglL, then the permittee is limited to one
ton (2000lbs) per day as a sum from all outfalls.

These samples may also be a composite sample

Samples taken in compliance with the monitoring requirements specified above shall be taken at
the following location(s): in the final effluent before mixing with the receiving water.

Any discharge or increase in the volurne of a discharge caused by precipitation within any 24
hour perid less than or equal to the l0-year, 24-hour precipitation event (or snowmelt of
equivalent volurne) at outfall(s) 002, 003, 006 and 007 may comply with the following limitations
instead of the otherwise applicable limitations for TSS and pH in Part I.E.l:

Effluent Characteristics

Settleable Solids
pH

DaillMaximum

0.5 ml,/L
6.5 to 9.0 S.U.

4.

In addition to the monitoring requirements specified under Part I.E.l all effluent samples
collected during storm water discharge events shall also be analyzed for settleable solids. Such
analyses shall be conducted monthly by grab samples.

Any discharge or increase in the volume of a discharge caused by precipitation within any 24
hour perid greater than the lO-year, 24 hour precipitation event (or snowmelt of equivalent
volume) at outfall(s) 002, 003, 006 and 007 may comply with the following limitations instead of
the otherwise applicable limitations:

The pH shall not be less than 6.5 standard units nor greater than 9.0 standard units. However as
stated in Part I.E.3, all effluent samples collected during storm-water discharge events shall be
analyznd for settleable solids and parameters identified under Part I.E.l.

The operator shall have the burden of proof that the discharge or increase in discharge was caused
by the applicable precipitation event described in Parts I.E.3 and 4. The alternate limitations in
Parts I.E.3 and 4 shall not apply to treatment systems that treat underground mine water only.

5.
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Storm Water Requirements. . It has been determined that Bear Canyon Mine has a regulated storm water
discharge as per UAC R317-8-3.9., therefore, the following permit conditions governing storm water
discharges apply.

t. Coverage of This Section.

a. Discharges CoveFd Under This Section. The requirements listed under this section shall
apply to storm water discharges from Bear Canyon Mine, subject to effluent limitations
listed in Part I.E. of this permit.

l) Site Coverage. Storm water discharges from the following portions of Bear
Canyon Mine may be eligible for this permit: haul roads (nonpublic roads on
which coal or coal refuse is conveyed), access roads (nonpublic roads providing
light vehicular traffic within the facility property and to public roadways),
railroad spurs, sidings, and internal haulage lines (rail lines used for hauling coal
within the facility property and to offsite cornmercial railroad lines or loading
areas), conveyor belts, chutes, and aerial tramway haulage areas (areas under and
around coal or refuse conveyor areas, including transfer stations), equipment
storage and maintenance yards, coal handling buildings and structures, and
inactive coal mines and related areas (abandoned and other inactive mines, refuse
disposal sites and other mining-related areas on private lands).

2. Prohibition of Non-storm Water Discharges.

a. The following non-storm water discharges may be authorized by this permit provided the
non-storm water component of the discharge is in compliance with this sectiou fire
fighting activities; fire hydrant flushings; potable water sources including waterline
flushings; drinking fountain water; irrigation drainage, lawn watering; routine external
building washdown water where detergents or other compounds have not been used in
the process; pavement washwaters where spills or leaks of toxic or hazardous materials
(including oils and fuels) have not occurred (unless all spilled material has been
removed) and where detergents are not used; air conditioning condensate;

:,.r,:ljffi t'ff .::'TITIffi ;H',l:';i:::1i:TJ#:'":i:ffi ffi;f #ffiH:l"o
materials such as solvents.

3. Storm Water Pollution Prevention Plan Requirements. Most of the active coal mining-related
areas, described in paragraph l. above, are subject to sediment and erosion control regulations of
the U.S. Office of Surface Mining (OSM) that enforces the Surface Mining Control and
Reclamation Act (SMCRA). OSM has granted authority to the Utah Division of Oil Gas and
Mining (DOGM) to implenrent SMCRA through State SMCRA regulations. All SMCRA
requirements regarding control of erosion, siltation and other pollutants resulting from storm
water runoff, including road dust resulting from erosionn shall be primary requirements of the
pollution prevention plan and shall be included in the contents of the plan directly, or by
reference. Where determined to be appropriate for protection of water quality, additional
sedimentation and erosion controls may be warranted.

a. Contents of Plan. The plan shall include at a minimum, the following items:

1) Pollution Prevention Team. Each plan shall identify a specific individual or
individuals within the facility organization as members of a storm water
Pollution Prevention Team that are responsible for developing the storm water
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pollution prevention plan and assisting the facility manager in its
implementation, rnaintenance, and revision. The plan shall clearly identify the
responsibilities of each team member. The activities and responsibilities of the
team shall address all aspects of the facility's storm water pollution prevention
plan.

Description of Potential Pollutant Sources. Each plan shall provide a description
of potential sources that rnay reasonably be expected to add significant amounts
of pollutants to storm water discharges or that may result in the discharge of
pollutants during dry weather from separate storm sewers draining the facility.
Each plan shall identify all activities and significant materials that may
potentially be significant pollutant sources. Each plan shall include, at a
minimum:

a) Deadlines for Plan Preparation and Compliance
Bear Canyon Mine shall prepare and implement a plan in compliance
with the provisions of this section within 270 days of the effective date
of this permit.

b) Keeping Plans Cunent

Bear Canyon Mine shall amend the plan whenever there is a change in
design, construction, operation, or maintenance, that has a significant
effect on the potential for the discharge of pollutants to the waters of the
State or if the storm water pollution prevention plan proves to be
ineffective in eliminating or significantly minimizing pollutants from
sources identified by the plan, or in otherwise achieving the general
objectives of controlling pollutants in storm water discharges associated
with the activities at the mine.

c) Drainage.

( 1 ) A site rnap, such as a drainage map required for SMCRA permit
applications, that indicate drainage areas and storm water
outfalls. These shall include but not be limited to the following:

(a) Drainage direction and discharge points from all
applicable mining-related areas described in paragraph
1.a(1). (Site Coverage) above, including culvert and
sump discharges from roads and rail beds and also from
equipment and maintenance areas subject to storm runoff
of fuel, lubricants and other potentially harmful liquids.

(b) Location of each existing erosion and sedimentation
control structure or other control measures for reducing
pollutants in storm water runoff.

(c) Receiving streams or other surface water bodies.

(d) Locations exposed to precipitation that contain acidic
spoil, refuse or unreclaimed disturbed areas.

(e) Locations where major spills or leaks of toxic or
7
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hazardous pollutants have occurred.

(f) Locations where liquid storage tanks containing
potential pollutants, such as caustics, hydraulic fluids
and lubricants, are exposed to precipitation.

(g) Locations where fueling stations, vehicle and equipment
maintenance areas are exposed to precipitation.

(h) Locations of outfalls and the types of discharges
contained in the drainage areas of the outfalls.

For each area of the facility that generates storm water
discharges associated with the mining-related activity with a
reasonable potential for containing significant amounts of
pollutants, a prediction of the direction of flow, and an
identification of the types of pollutants that are likely to be
present in storm water discharges associated with the activity.
Factors to consider include the toxicity of the pollutant; quantity
of chemicals used, produced or discharged; the likelihood of
contact with storm water; and history of significant leaks or
spills of toxic or hazardous pollutants. Flows with a significant
potential for causing erosion shall be identified.

Inventory of Exposed Materials. An inventory of the types of materials
handled at the site that potentially rnay be exposed to precipitation. Such
inventory shall include a narrative description of significant materials
that have been handled, treated, stored or disposed in a rnanner to allow
exposure to storm water method and location of onsite storage or
disposal; materials management practices employed to minimize contact
of materials with storm water runoff a description of existing structural
and nonstructural control measures to reduce pollutants in storm water
runoff; and a description of any treatment the storm water receives.

Spills and I-eaks. A list of significant spills and leaks of toxic or
hazardous pollutants that occurred at areas that are exposed to
precipitation or that otherwise drain to a storm water conveyance at the
facility beginning 3 years prior to the effective date of this permit. Such
list shall be updated as appropriate during the term of the permit.

Sampling Data. A summary of any existing discharge sampling data
describing pollutants in storm water discharges from the ponions of
Bear Canyon Mine covered by this permit, including a sununary of any
sampling data collected during the term of this permit.

Risk Identification and Summary of Potential Pollutant Sources. A
narrative description of the potential pollutant sources from the following
activities: truck traffic on haul roads and resulting generation of
sedirrrent subject to runoff and dust generation; fuel or other liquid
storage; pressure lines containing slurry, hydraulic fluid or other
potential harmful liquids; and loading or temporary storage of acidic
refuse or spoil. Specific potential pollutants shall be identified where
known.

8
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Measures and ConEols. Bear Canyon Mine shall develop a description of storm
water management controls appropriate for the facility and implement such
controls. The appropriateness and priorities of controls in a plan shall reflect
identified potential sources of pollutants at Bear Canyon Mine. The description
of storm water management controls shall address the following minimum
components, including a schedule for implementing such controls.

a) Good Housekeeping. Good housekeeping requires the maintenance of
areas that may contribute pollutants to storm water discharges in a clean,
orderly rnanner. These are practices that would minimize the generation
of pollutants at the source or before it would be necessary to employ
sediment ponds or other control measures at the discharge outlets.
Where applicable, such measures or other equivalent measures would
include the following: sweepers and covered storage to minimize dust
generation and storm runoff; conservation of vegetation where possible
to minimize erosion; watering of haul roads to minimize dust generation;
collection, removal, and proper disposal of waste oils and other fluids
resulting from vehicle and equipment maintenance; or other equivalent
measures.

Preventive Maintenance. A preventive maintenance program shall
involve timely inspection and maintenance of storm water management
devices as well as inspecting and testing facility equipnrent and systems
to uncover conditions that could cause breakdowns or failures resulting
in discharges of pollutants to surface waters, and ensuring appropriate
maintenance of such equipment and systems. Where applicable, such
measures would include the following: removal and proper disposal of
settled solids in catch basins to allow sufficient retention capacity;
periodic replacement of siltation control measures subject to
deterioration such as straw bales; inspections of storage tanks and
pressure lines for fuels, lubricants, hydraulic fluid or slurry to prevent
leaks due to deterioration or faulty connections; or other equivalent
measures.

$pill Prevention and Response Procedures. Areas where potential spills
that can contribute pollutants to storm water discharges can occur, and
their accompanying drainage points shall be identified clearly in the
storm water pollution prevention plan. Where appropriate, specifying
material handling procedures, storage requirements, and use of
equipment such as diversion valves in the plan should be considered.
Procedures for cleaning up spills shall be identified in the plan and made
available to the appropriate personnel. The necessary equipment to
implement a clean up shall be available to personnel.

Inspections. kr addition to or as part of the comprehensive site
evaluation required under paragraph 3.a.(4) of this section, qualified
facility personnel shall be identified to inspect designated areas of the
facility at appropriate intervals specified in the plan. The following shall
be included in the plan:

Active Mining-Related Areas and Those Inactive Areas Under
SMCRA Bond Authority. The plan shall require quarterly

9
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inspections by the facility personnel for areas of the facility
covered by pollution prevention plan requirements. This
inspection interval corresponds with the quarterly inspections for
the entire facility required to be provided by SMCRA authority
inspectors for all mining-related areas under SMCRA authority,
including sediment and erosion control measures. lnspections by
the facility representative may be done at the same time as the
mandatory inspections performed by SMCRA inspectors.
Records of inspections of the SMCRA authority facility
rgpresentative shall be maintained.

Inactive Mining-Related Areas Not Under SMCRA Bond. The
plan shall require annual inspections by the facility
representative except in situations referred to in paragraph
3.a.(aXd) below.

Inspection Records. The plan shall require that inspection
records of the facility representative and those of the SMCRA
authority inspector shall be maintained. A set of tracking or
follow-up procedures shall be used to ensure that appropriate
actions are taken in response to the inspections.

Employee Trainine. Employee training programs shall inform personnel
responsible for implementing activities identified in the storm water
pollution prevention plan or otherwise responsible for storrn water
rnanagement at all levels of responsibility of the components and goals
of the storm water pollution prevention plan. Training should address
topics such as spill response, good housekeeping and material
management practices. The pollution prevention plan shall identify
periodic dates for such training.

Record keeping and Internal Reporting Procedures. A description of
incidents (such as spills, or other discharges) along with other
information describing the quality and quantity of storm water discharges
shall be included in the plan required under this pan. Inspections and
maintenance activities shall be documented and records of such activities
shall be incorporated into the plan.

Non-storm Water Discharges.

(l) Certification. The plan shall include a certification that the
discharge has been tested or evaluated for the presence of non-
stonn water discharges such as drainage from underground
portions of inactive mines or floor drains from maintenance or
coal handling buildings. The certification shall include the
identification of potential significant sources of non-storm water
discharges at the site, a description of the results of any test
and/or evaluation, a description of the evaluation criteria or
testing method used, the date of any testing and/or evaluation,
and the onsite drainage points that were directly observed during
the test. Certifications shall be signed in accordance with Part
IV.G.4. of this permit.

(3)

e)

f)

s)

10
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Exceptions. Except for flows from fire fighting activities,
authorized sources of non-storm water listed in Part I.F.2.a. that
are combined with storm water discharges associated with
industrial activity must be identified in the plan. The plan shall
identify and ensure the implementation of appropriate pollution
prevention meas\ues for the non-storm water component(s) of
the discharge.

Failure to Certify. If Bear Canyon Mine is unable to provide the
certification required (testing or other evaluation for non-storm
water discharges), the Executive Secretary must be notified
within 180 days after the effective date of this permit. If the
failure to certify is caused by the inability to perform adequate
tests or evaluations, such notification shall describe: the
procedure of any test conducted for the presence of non-storm
water discharges; the results of such test or other relevant
observations; potential sources of non-storm water to the storm
discharge lines; and why adequate tests for such storrn discharge
lines were not feasible. Non-storm water discharges to waters of
the State that are not authonzed by a UPDES permit are
unlawful, and must be terminated.

Sediment and Erosion Control. The plan shall identify areas that, due to
topography, activities, or other factors, have a high potential for
significant soil erosion, and identify structural, vegetative, and/or
stabilization measures to be used to limit erosion and reduce sediment
concentrations in storm water discharges. As indicated in paragraph
I.F.3. above, SMCRA requirements regarding sediment and erosion
control measures are primary requirernents of the pollution prevention
plan for mining-related areas subject to SMCRA authority. The
following sediment and erosion control measures or other equivalent
rneasures, should be included in the plan where reasonable and
appropriate for all areas subject to storm water runoffi

(l) Stabilization Measures. Interim and permanent stabilization
nreasures to minimize erosion and lessen amount of structural
sediment control measures needed, including: mature vegetation
preservation; temporary seeding; perrnanent seeding and
planting; temporary mulching, rnatting, and netting; sod
stabilization; vegetative buffer strips; temporary chemical mulch,
soil binders, and soil palliatives; nonacidic road surfacing
material; and protective ttrees.

(2) Structural Measures. Structural measures to lessen erosion and
reduce sediment discharges, including: silt fences; earth dikes;
straw dikes; gradient terraces; drainage swales; sediment traps;
pipe slope drains; porous rock check dams; sedimentation ponds;
riprap channel protection; capping of contaminated sources; and
physicaVchemical treatment of storm water.

Management of Flow. The plan shall contain a narrative consideration of
the appropriateness of traditional storm water management practices
(other than those as sediment and erosion control measures listed above)

l l
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used to manage storm water runoff in a manner that reduces pollutants in
storm water runoff from the site. The plan shall provide that the
npasures, which the permittee determines to be reasonable and
appropriate, shall be implemented and maintained. Appropriate
nrcasures rnay include: discharge diversions; drainage/storrn water

;$fffi::,iH:#,*,ffiTll;iiJliT?1'"""",#l,li::::n'jlh*."*
. or other equivalent measures.

4) Comprehensive Site Compliance Evaluation. Qualified personnel shall conduct
site compliance evaluations at intervals specified in the plan, but in no case less
than once a year. Such evaluations shall provide:

a) Areas contributing to a storm water discharge associated with coal
mining-related areas shall be visually inspected for evidence of, or the
potential for, pollutants entering the drainage system. These areas
include haul and access roads; railroad spurs, sidings, and internal
haulage lines; conveyor belts, chutes and aerial tramways; equipment
storage and maintenance yards; coal handling buildings and structures;
and inactive mines and related areas. Measures to reduce pollutant
loadings shall be evaluated to determine whether they are adequate and'-Tffi:l;il11i#:il'""'J"ffi::1il::;Jli5#lt::lf Jiiffi ",1",",
nranagement measures, sediment and erosion control measures, and other
structural pollution prevention measures, as indicated in paragraphs
3.a.(3Xh) and 3.a.(3Xi) above and where identified in the plan, shall be
observed to ensure that they are operating correctly. A visual evaluation
of any equipnrent needed to implement the plan, such as spill response
equipment, shall be made.

b) Based on the results of the evaluation, the description of potential
pollutant sources identified in the plan, in accordance with paragraph
3.a.(2) of this section, and pollution prevention measures and controls
identified in the plan, in accordance with paragraph 3.a.(3) of this
section, shall be revised as appropriate within 2 weeks of such evaluation
and shall provide for implementation of any changes to the plan in a
timely manner. For inactive mines, such revisions may be extended to a
maximum of L2 weeks after the evaluation.

A report summarizing the scope of the evaluation, personnel making the
evaluation, the date(s) of the evaluation, major observations relating to
the implementation of the storm water pollution prevention plan, and
actions taken in accordance with paragraph 3.a.(a)@) above shall be
made and retained as part of the storm water pollution prevention plan
for at least 3 years after the date of the evaluation. The report shall
identify any incidents of noncompliance. Where a report does not
identify any incidents of noncompliance, the report shall contain a
certification that the facility is in compliance with the storm water
pollution prevention plan and this permit. The report shall be signed in
accordance with Part IV.G.4. (Signatory Requirements) of this permit.

Where compliance evaluation schedules overlap with inspections
required under 3.a.(3Xd), the compliance evaluation may be conducted in

L2
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place of one such inspection. Where annual site compliance evaluations
are shown in the plan to be impractical for inactive mining sites due to
the remote location and inaccessibility of the site, site inspections
required under this part shall be conducted at appropriate intervals
specified in the plan,but, in no case less than once in 3 years.

Numeric Effluent Limitations. There uue no additional numeric effluent limitations beyond those
described in Part I.E. of this permit.

Monitoring and Reporting Requirements.

a. Benchmark Analytical Monitoring Requirements. Bear Canyon Mine must monitor their
storm water discharges associated with industrial activity at least quarterly (4 times per
year) during years 2 and 4 of the permit cycle except as provided in paragraphs 5.a.(3)
(Sampling Waiver), 5.a.(4) (Representative Discharge), and 5.a.(5) (Alternative
Certification). Bear Canyon Mine is required to monitor their storm water discharges for
the pollutants of concern listed in Table E. below. Reports must be made in accordance
with 5.b. (Reporting). tn addition to the parameters listed in Table E. below, Bear
Canyon Mine nrcasurements or estimates (in inches) of the storm event that generated the
sampled runoff; the duration between the storm event sampled and the end of the
previous npasurable (greater than 0.1 inch rainfall) storrn event; and an estimate of the
total volume (in gallons) of the discharge sampled.

The results of benchmark monitoring are primarily for Bear Canyon Mine's use to
determine the overall effectiveness of the SWPPP in controlling the discharge of
pollutants to receiving waters. Benchmark values are not viewed as permit limitations.
An exceedance of a benchmark value does not, in and of itself, constitute a violation of
this permit. While exceedance of a benchmark value does not automatically indicate a
violation of a water quality standard has occurred, it does signal that modifications to the
SWPPP or more specific pollution prevention controls may b necessary.

Table E.
Mon uirements for Coal Minine Facilities

Pollutants of Concern Cut-Off Concentration
Total Recoverable Aluminum 0.75 ms,lL
Total Recoverable hon 1.0 mell-
Total Suspended Solids 100 mell-

Monitoring Periods. Bear Canyon Mine shall monitor samples collected during
the sampling periods of: January through March, April through June, July
through September, and October through December during the second and fourth
years of this permit cycle.

Sample Type. A minimum of one gtab sample shall be taken. All such samples
shall be collected from the discharge resulting from a storm event that is greater
than 0.1 inches in magnitude and that occurs at least 72 hours from the
previously measurable (greater than 0.1 inch rainfall) storm event. The required
72-hour storm event interval is waived where the preceding measurable storm
event did not result in a measurable discharge from the facility. The required 72-
hour storm event interval may also be waived where Bear Canyon Mine
documents that less than a72-hour interval is representative for local storm
events during the season when sampling is being conducted. The grab sample
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shall be taken dtring the first 30 minutes of the discharge. If the collection of a
grab sample during the frst 30 minutes is impracticable, a grab sample can be
taken during the first hour of the discharge, and the discharger shall submit with
the monitoring report a description of why a grab sample during the first 30
minutes was impracticable. If storm water discharges associated with industrial
activity commingle with process or nonprocess water, then where practicable
permittees must attempt to sample the storm water discharge before it mixes with
the non-storm water discharge.

Samp]ine Waiver.

a) Adverse Conditions. If Bear Canyon Mine is unable to collect samples
within a specified sampling period due to adverse climatic conditions,
thus a substitute sample shall be collected from a separate qualifying
event in the next monitoring perid and the data submitted along with the
data for the routine sample in that perid. Adverse weather conditions
that may prohibit the collection of samples include weather conditions
that create dangerous conditions for personnel (such as local flooding,
high winds, hurricanes, tornadoes, electrical storms, etc.) or otherwise
make the collection of a sample impracticable (drought, extended frozen
conditions, etc.).

b) Low Concentration Waiver. When the average concentration for a
pollutant calculated from all monitoring data collected from an outfall
during the second year monitoring is less than the corresponding value
for that pollutant listed in Table E. under the column Monitoring Cut-Off
Concentration, Bear Canyon Mine may waive monitoring and reporting
requirements for the fourth year monitoring period. Bear Canyon Mine
must submit to the Executive Secretary, in lieu of the monitoring data, a
certification that there has not been a significant change in industrial
activity or the pollution prevention measures in area of the facility that
drains to the outfall for which sampling was waived.

c) Inactive and Unstaffed Site. If Bear Canyon Mine is unable to conduct
quarterly chemical storm water sampling at an inactive and unstaffed
site, the operator of the facility may exercise a waiver of the monitoring
requirements as long as the facility remains inactive and unstaffed.
Bear Canyon Mine must submit to the Executive Secretary, in lieu of
monitoring data, a certification statement on the Storm Water Discharge
Monitoring Report (SWDMR) stating that the site is inactive and
unstaffed so that collecting a sample during a qualifying event is not
possible.

Representative Discharge. If the facility has two or more outfalls that, based on a
consideration of industrial activity, significant materials, and managernent
practices and activities within the area drained by the outfall, discharge
substantially identical effluents, Bear Canyon Mine may test the effluent of one
of such outfalls and report that the quantitative data also applies to the
substantially identical outfall(s) provided that Bear Canyon Mine includes in the
storm water pollution prevention plan a description of the location of the outfalls
and explains in detail why the outfalls are expected to discharge substantially
identical effluents. In addition, for each outfall that Bear Canyon Mine believes
is representative, an estimate of the size of the drainage area (in square feet) and

t4
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an estimate of the runoff coefficient of the drainage area [e.g., low (under 40
percent), medium (40 to 65 percent), or high (above 65 percent)l shall be
provided in the plan. Bear Canyon Mine shall include the description of the
location of the outfalls, explanation of why outfalls are expected to discharge
substantially identical effluents, and estimate of the size of the drainage area and
runoffcoefficient with the SWDMR.

5) Alternative Certification. Bear Canyon Mine is not subject to the monitoring
requirements of this section provided that certification is made for a given outfall
or on a pollutant-by-pollutant basis in lieu of monitoring reports required under
paragraph b. below, under penalty of law, signed in accordance with Part IV.G.4.
(Signatory Requirements). The Certification shall state that material handling
equipment or activities, raw materials, intermediate products, final products,
waste materials, by-products, industrial machinery or operations, or significant
materials from past industrial activity that are located in areas of the facility
within the drainage area of the outfall are not presently exposed to storm water
and are not expected to be exposed to storm water for the certification period.
Such certification must be retained in the stonn water pollution prevention plan,
and submitted to DWQ in accordance with Part II.D. of this permit. In the case
of certifying that a pollutant is not present, Bear Canyon Mine must submit the
certification along with the monitoring reports required under paragraph b.
below. If Bear Canyon Mine cannot certify for an entire period, they must
submit the date exposure was eliminated and any monitoring required up until
that date. This certification option is not applicable to compliance monitoring
requirements associated with effl uent limitations.

Reporting. Bear Canyon Mine shall submit monitoring results for each outfall associated
with industrial activity [or a certification in accordance with Sections (3), (4), or (5)
abovel obtained during the second year reporting period, on Storm Water Discharge
Monitoring Report (SWDMR) form(s) postmarked no later than the 3lst day of the
following March. Monitoring results [or a certification in accordance with Sections (3),
(4), or (5) abovel obtained during the fourth year reporting period shall be submitted on
SWDMR form(s) postmarked no later than the 31st day of the following March. For
each outfall, one signed SWDMR form must be submitted to the Executive Secretary per
storm event sampled. Signed copies of SWDMRs, or said certifications, shall be
submitted to the Executive Secretary at the address listed in Pan II.D. of the permit.

Visual Examination of Storm Water Ouality. Bear Canyon Mine shall perform and
document a visual examination of a representative storm water discharge at the following
frequencies: quarterly for active areas under SMCRA bond located in areas with average
annual precipitation over 20 inches; semi-annually for inactive areas under SMCRA
bond, and active areas under SMCRA bond located in areas with average annual
precipitation of 20 inches or less; visual examinations are not required at inactive areas
not under SMCRA bond.

Visual Monitoring Periods. Examinations shall be conducted in each of the
following periods for the purposes of visually inspecting storm water runoff or
snow melt: Quarterly-January through March; April through June; July through
September; and October through December. Semi-annually-January through
June and July through December.

Sample and Data Collection. Examinations shall be made of sarnples collected
within the first 60 minutes (or as soon thereafter as practical, but not to exceed
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two hours) of when the runoff or snowmelt begins discharging. The
examinations shall document observations of color, odor, clarity, floating solids,
settled solids, suspended solids, foam, oil sheen, and other obvious indicators of
storm water pollution. The examination must be conducted in a well-lit area. No
analytical tests are required to be performed on the samples. All such samples
shall be collected from the discharge resulting from a storm event that is greater
than 0.1 inches in magnitude and that occurs at least 72 hours from the
previously measurable (greater than 0.1 inch rainfall) storm event. Where
practicable, the same individual will carry out the collection and examination of
discharges for the life of the permit.

Visual Stotm Water Discharge Examination Repons. Visual examination reports
must be maintained onsite in the pollution prevention plan. The report shall
include the examination date and time, examination personnel, the nature of the
discharge (i.e., runoff or snow melt), visual quality of the stonn water discharge
(including observations of color, odor, clarity, floating solids, settled solids,
suspended solids, foam, oil sheen, and other obvious indicators of storm water
pollution), and probable sources of any observed stonn water contamination.

l 6
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MONITORING RECORDING AND RS,PORTING REQUIREMENTS

A. Reoresentative Sarnpling, Samples taken in cornpliance with the monitoring requir€rnents established
under Parr / shall be collectcd fiom the cffluent stream prior to discharge into the receiving waters.
Samples and nrasurements shall be representative ofthe volunre and nature of the monitored discharge.
Sludge samples shall be collected at a location representative of the quality of sludge immediately prior to
the usedisposal practice.

B. Monitoring Procedures. Monioring nust be conducted according to test procedures approved under Urah
Administraive Codc ("UAC") R317-2-14 unless other test procedures havc been specified in this permit.

C. Penalties for Tamperins. The Acr provides that any prrson who falsifies, tampers with, or knowingly
renders inaccurate, any monitoring device or method requir€d to be maintained under this permit shall,
upon conviction, be punished by a fine of not more than $10,000 per violation, or by imprisonment for
not morc thaD six months per violation, or by both.

D. Reporting of Monitoring Results. Muritoring results obtained during the previous month shall be
summarized for each month and reported monthly on a Discharge Monitoring Report Form (EPA No,
332G1), post-marked no later than the 28th day of the month following the completed reporting period.
The first rcport is due onnge28.2@3. Ifno discharge occurs during the rcporting period, "no
discharge" shall be reported. Legible copies of these, and all other repons including whole effluent
toxicity (WET) test reports r€quired berein, shall be signed and certified in accordance with the
rcquir€rFnts of Sr?zatory Requirements (see Part IV.G), ̂ nd, submitted to the Director, Division of Water
Quality:

original to: Department of Environmental Quality
Division of Water Quality
288 North 1460 West

33,?fri illJ:** 84,,4487 o
Compliance Schedules. Reports of compliance or noncompliance with, or any progress reports on,
interim and final requirements contained in any Compliance Schedule of this permit shall be submitted no
later than 14 days following each schedule date.

Additional Monitoring by the Permittee. If the permittee monitors any parameter more frequently than
required by this permit, using test procedures approved under UAC R317-2-10 or as otherwise specified in
this permit, the results of this monitoring shall be included in the calculation and reporting of thi data
submitted in the DMR. Such increased frequency shall also be indicated. Only those parameters required
by the permit need to be reported.

Records Contents. Records of monitoring information shall include:

l. The date, exact place, and time of sampling or measurements:
2. The individual(s) who performed the sampling or measurenrents;
3. The date(s) and time(s) analyses were performed;
4. The individual(s) who performed the analyses;
5. The analytical techniques or methods used; and,
6. The results of such analyses.

E.

F.

G.
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Retention of Records. The permittee shall retain records of all monitoring information, including all
calibration and maintenance records and all original strip chart recordings for continuous monitoring
instrumentation, copies of all reports required by this permit, and records of all data used to complete the
application for this permit, for a period of at least three years from the date of the sample, measurement,
report or application. This period rnay be extended by request of the Executive Secretary at any time. A
copy of this IJPDES permit must be rnaintained on site during the duration of activity at the permitted
location.

Twenty-four Hour Notice of Noncompliance Reporting.

l . The permittee shall (orally) report any noncompliance which may seriously endanger health or
environment as soon as possible, but no later than twenty-four (24) hours from the time the
permittee first became aware of circumstances. The report shall be made to the Division of Water
Quality, (801) 5384146, or 24 hour answering service (801) 5364123.

The following occurrences of noncompliance shall be reported by telephone (801) 5364123 as
soon as possible but no later than 24 hours from the time the permittee becomes aware of the
circumstances:

a. Any noncompliance which rnay endanger health or the environment;

b. Any unanticipated bypass which exceeds any effluent limitation in the permit (See Parl
III.G, Bypass of Treatment Facilities.);

c. Any upset which exceeds any effluent limitation in the permit (See Pan III.H, Upset
Conditions.); or,

d. Violation of a maximum daily discharge limitation for any of the pollutants listed in the
permit.

A written submission shall also be provided within five days of the time that the permittee
becornes aware of the circumstances. The written submission shall contain:

a. A description of the noncompliance and its cause;

b. The period of noncompliance, including exact dates and times;

c. The estimated tinre noncompliance is expected to continue if it has not been corrected;
and,

d. Steps taken or planned to reduce, eliminate, and prevent reoccurTence of the
noncompliance.

e. Steps taken, if any, to mitigate the adverse impacts on the environment and human health
during the noncompliance period.

The Executive Secretary may waive the written report on a case-by-case basis if the oral report
has been received within 24 hours by the Division of Water Quality, (801) 538-6146.

Reports shall be subrnitted to the addresses in Part II.D, Reporting of Monitoring Results.

2.

J .

4.

5 .
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Other Noncompliance Reporting. Instances of noncompliance not required to be reported within 24 hours
shall be reported at the time that monitoring reports for Part II.D arc submitted. The reports shall contain
the information listed in Part II.I.3.

Inspection and Entrv. The permittee shall allow the Executive Secretary, or an authorized representative,
upon the presentation of credentials and other documents as may be required by law, to:

l .

2.

3.

4.

Enter upon the permittee's premises where a regulated facility or activity is located or conducted,
or where records must be kept under the conditions of the perrnit;

Have access to and copy, at reasonable times, any records that must be kept under the conditions
of this permit;

Inspect at reasonable times any facilities, equipment (including monitoring and control
equipment), practices, or operations regulated or required under this permit; and,

Sample or monitor at reasonable times, for the purpose of assuring permit compliance or as
otherwise authorized by the Act, any substances or parameters at any location.

19
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COMPLIANCE RESPONS IB ILITIES

Duty to Comply. The permittee must comply with all conditions of this permit. Any permit
noncompliance constitutes a violation of the Act and is grounds for enforcement action; for permit
termination, revocation and reissuance, or modification; or for denial of a permit renewal application.
The permittee shall give advance notice to the Executive Secretary of any planned changes in the
permitted facility or activity which may result in noncornpliance with permit requirements.

Penalties for Violations of Permit Conditions. The Act provides that any person who violates a permit
condition implementing provisions of the Actis subject to a civil penalty not to exceed $10,000 per day of
such violation. Any person who willfully or negligently violates permit conditions of the Act is subject to
a fine not exceeding $25,000 per day of violation; Any person convicted under UCA 19-5-I I5(2) a
second time shall be punished by a fine not exceeding $50,0fi) per day. Except as provided at Part III.G,
Bypass of Treatment Facilities and Pan III.H, Upset Conditions, nothing in this permit shall be construed
to relieve the permittee of the civil or criminal penalties for noncompliance.

Need to Halt or Reduce Activity not a Defense. It shall not be a defense for a permittee in an enforcement
action that it would have been necessary to halt or reduce the permitted activity in order to maintain
compliance with the conditions of this permit.

Duty to Mitigate. The permittee shall take all reasonable steps to minimize or prevent any discharge in
violation of this permit which has a reasonable likelihood of adversely affecting human health or the
environment.

Proper Operation and Maintenance. The permittee shall at all times properly operate and maintain all
facilities and systems of treatment and control (and related appurtenances) which are installed or used by
the permittee to achieve compliance with the conditions of this permit. Proper operation and maintenance
also includes adequate laboratory controls and quality assurance procedures. This provision requires the
operation of back-up or auxiliary facilities or similar systems which are installed by a permittee only
when the operation is necessary to achieve compliance with the conditions of the permit.

Removed Substances. Collected screening, grit, solids, sludges, or other pollutants removed in the course
of treatment shall be buried or disposed of in such a nranner so as to prevent any pollutant from entering
any waters of the state or creating a health hazard. Sludge/digester supernatant and filter backwash shall
not directly enter either the final effluent or waters of the state by any other direct route.

Bypass of Treatment Facilities.

Bypass Not Exceedine Lirnitations. The permittee may allow any bypass to occur which does not
cause effluent limitations to be exceeded, but only if it also is for essential maintenance to assure
efficient operation. These bypasses are not subject to 2. and 3. of this section.

Prohibition of Bypass.

a. Bypass is prohibited, and the Executive Secretary may taken enforcement action against a
permittee for bypass, unless:

(l) Bypass was unavoidable to prevent loss of human life, personal injury, or severe
property damage;

C.

D.

A.

B.

F.

G.

E.

l .

2.
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There were no feasible alternatives to bypass, such as the use of auxiliary
treatment facilities, retention of untreated wastes, or maintenance during normal
periods of equipment downtime. This condition is not satisfied if adequate
backup equipment should have been installed in the exercise of reasonable
engineering judgement to prevent a bypass which occurred during normal periods
of equipment downtime or preventive maintenance, and

(3) The permittee submitted notices as required under section G.3.

b. The executive Secretary may approve an anticipated bypass, after considering its adverse
effects, if the Executive Secretary determines that it will meet the three conditions listed
in sections G.Za. (l), (2) and (3).

Notice.

Anticipated bypass. Except as provided above in section G.2. and below in section G.
3.b, if the permittee knows in advance of the need for a bypass, it shall submit prior
notice, at least ninety days before the date of bypass. The prior notice shall include the
following unless otherwise waived by the Executive Secretary:

(l) Evaluation of alternative to bypass, including cost-benefit analysis containing an
assessment of anticipated resource damages:

(2) A specific bypass plan describing the work to be performed including scheduled
dates and times. The permittee must notify the Executive Secretary in advance of
any changes to the bypass schedule;

(3) Description of specific measures to be taken to minimize environmental and
public health impacts;

(4) A notification plan sufficient to alert all downstream users, the public and others
reasonably expected to be impacted by the bypass;

(5) A water quality assessment plan to include sufficient monitoring of the receiving
water before, during and following the bypass to enable evaluation of public
health risks and environmental impacts; and

(6) Any additional information requested by the Executive Secretary.

Emergency Bypass. Where ninety days advance notice is not possible, the permittee
must notify the Executive Secretary, and the Director of the Department of Natural
Resources, as soon as it becomes aware of the need to bypass and provide to the
Executive Secretary the information in section G.3.a.(l) through (6i) to the extent
practicable.

Unanticipated bypass. The permittee shall submit notice of an unanticipated bypass to
the Executive Secretary as required under Part II.I., Twenty Four Hour Reporting. The
permittee shall also immediately notify the Director of the Department of Natural
Resources, the public and downstream users and shall implement measures to minimize
impacts to public health and environment to the extent practicable.

(2)

3.

b.
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H. Upset Conditions.

Effect of an upset. An upset constitutes an affirmative defense to an action brought for
noncompliance with technology based permit effluent limitations if the requirements of paragraph
2. of this section are met. Executive Secretary's administrative determination regarding a claim
of upset cannot be judiciously challenged by the permittee until such time as an action is initiated
for noncompliance.

Conditions necessary for a demonstration of upset. A permittee who wishes to establish the
affirmative defense of upset shall demonstrate, through properly signed, contemporaneous
operating logs, or other relevant evidence that:

a. An upset occurred and that the permittee can identify the cause(s) of the upset;

b. The permitted facility was at the time being properly operated;

c. The permittee submitted notice of the upset as required under Part II.I, Twenty-four Hour
Notice of Noncompliance Reporting; and,

d. The permittee complied with any remedial measures required under Part III.D, Duty to
Mitigate.

Burden of proof. In any enforcement proceeding, the permittee seeking to establish the
occurence of an upset has the burden of proof.

Toxic Pollutants. The permittee shall comply with effluent standards or prohibitions established under
Section 307(a) of The Water Quality Act of 1987 for toxic pollutants within the time provided in the
regulations that establish those standards or prohibitions, even if the permit has not yet been modified to
incorporate the requirement.

Changes in Discharge of Toxic Subslances. Notification shall be provided to the Executive Secretary as
soon as the permittee knows of, or has reason to believe:

l. That any activity has occurred or will occur which would result in the discharge, on a routine or
frequent basis, of any toxic pollutant which is not limited in the permit, if that discharge will
exceed the highest of the following "notification levels":

a. One hundred micrograms per liter (100 ug/L);

b. Two hundred micrograrns per liter (200 ugL) for acrolein and acrylonitrile; five hundred

ff f$ffi,i,T,ll"J"f Aii#J'i",:3fi #ffi!B?:*JH,,1,;"'lhvr-4'6-
c. Five (5) times the maximum concentration value reported for that pollutant in the permit

application in accordance with UAC R317-8-3.4(7) or (10); or,

d. The level established by the Executive Secretary in accordance with UAC R3I7-84.2(6).

2. That any activity has occurred or will occur which would result in any discharge, on a non-
routine or infrequent basis, of a toxic pollutant which is not limited in the permit, if that discharge
will exceed the highest of the following "notification levels":

l .

2.

3.

J.
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a. Five hundred micrograms per liter (500 udL);

b. One milligram per liter (l mg/L) for antimony:

c. Ten (10) times the maximum concentration value reported for that pollutant in the permit
application in accordance with UAC R317-8-3.4(9); or,

d. The level established by the Executive Secretary in accordance with UAC R317-8-4.2(6).

Industrial Pretreatmpn!. Any wastewaters discharged to the sanitary sewer, either as a direct discharge or
as a hauled waste, are subject to Federal, State and local pretreatment regulations. Pursuant to Section 307
of The Water Quality Act of 1987,the permittee shall comply with all applicable federal General
Pretreatrnent Regulations promulgated at 40 CFR 403,the State Prefreatment Requirements at UAC
R317-8-8, and any specific local discharge limitations developed by the Publicly Owned Treatment
Works (POTW) accepting the wastewaters.

In addition, in accordance with 40 CFR a8.12(p)(I),the permittee must notify the POT'W, the EPA
Regional Waste Management Director, and the State hazardous waste authorities, in writing, if they
discharge any substance into a POTW which if otherwise disposed of would be considered a hazardous
waste under 40 CFR 261 . Thrs notification must include the name of the hazardous waste, the EPA
hazardous waste number, and the type of discharge (continuous or batch).
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GENERAL REQUIREMENTS

Planned Changes. The permittee shall give notice to the Executive Secretary as soon as possible of any
planned physical alterations or additions to the permitted facility. Notice is required only when the
alteration or addition could significantly change the nature or increase the quantity of pollutants
discharged. This notification applies to pollutants which are not subject to effluent limitations in the
permit. In addition, if there are any planned substantial changes to the permittee's existing sludge
facilities or their manner of operation or to current sludge rnanagement practices of storage and disposal,
the permittee shall give notice to the Executive Secretary of any planned changes at least 30 days prior to
their implenrentation.

Anticipated Noncompliance. The permittee shall give advance notice to the Executive Secretary of any
planned changes in the permitted facility or activity which may result in noncompliance with permit
requirements.

Permit ActioJrs. This permit may be modified, revoked and reissued, or terminated for cause. The filing
of a request by the permittee for a permit modification, revocation and reissuance, or termination, or a
notification of planned changes or anticipated noncompliance, does not stay any permit condition.

Duty to Reapply. If the permittee wishes to continue an activity regulated by this permit after the
expiration date of this permit, the permittee shall apply for and obtain a new permit. The application shall
be submitted at least 180 days before the expiration date of this permit.

Duty to Provide Information. The permittee shall furnish to the Executive Secretary, within a reasonable
time, any information which the Executive Secretary rnay request to determine whether cause exists for
modifying, revoking and reissuing, or terminating this permit, or to determine compliance with this
permit. The permittee shall also furnish to the Executive Secretary, upon request, copies of records
required to be kept by this permit.

Other Inforrnation. When the permittee becomes aware that it failed to submit any relevant facts in a
permit application, or submitted incorrect information in a permit application or any report to the
Executive Secretary, it shall promptly submit such facts or information.

Sisnatory Requirements. All applications, reports or information submitted to the Executive Secretary
shall be signed and certified.

l. All permit applications shall be signed by either a principal executive officer or ranking elected
official

2- All reports required by the permit and other information requested by the Executive Secretary
shall be signed by a person described above or by a duly authorized representative of that person.
A person is a duly authorized representative only if:

a. The authorization is made in writing by a person described above and submitted to the
Executive Secretary, and,

b. The authorization specifies either an individual or a position having responsibility for the
overall operation of the regulated facility, such as the position of plant rnanager,
superintendent, position of equivalent responsibility, or an individual or position having
overall responsibility for environmental matters. (A duly authorized representative may
thus be either a named individual or any individual occupying a named position.)

A.

B .

C.

D.

E.

F.

G.
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Changes to authorization. If an authorization under paragraph IV.G.2 is no longer accurate
because a different individual or position has responsibility for the overall operation of the
facility, a new authorization satisfying the requirements of paragraph IV.G.2 must be submitted to
the Executive Secretary prior to or together with any reports, inforrnation, or applications to be
signed by an authorized representative.

Certification. Any person signing a document under this section shall make the following
certification:

"I certify under penalty of law that this document and all
attachments were prepared under my direction or
supervision in accordance with a system designed to
assure that qualified personnel properly gather and
evaluate the information submitted. Based on my
inquiry of the person or persons who manage the system,
or those persons directly responsible for gathering the
information, the information submitted is, to the best of
my knowledge and belief, true, accurate, and complete.
I am aware that there are significant penalties for
submitting false information, including the possibility of
fine and imprisonment for knowing violations."

Penalties for Falsification of Reports. The Acl provides that any person who knowingly makes any false
statement, representation, or certification in any record or other document submitted or required to be
maintained under this permit, including monitoring reports or reports of compliance or noncompliance
shall, upon conviction be punished by a fine of not more than $10,000.00 per violation, or by
imprisonment for not more than six rnonths per violation, or by both.

Availability of Reports. Except for data determined to be confidential under UAC R317-8-3.2, all reports
prepared in accordance with the terms of this permit shall be available for public inspection at the office
of Executive Secretfry. As required by the Act,permit applications, permits and effluent data shall not be
considered confidential

Oil and Hazardous Substance Liability. Nothing in this permit shall be construed to preclude the
permittee of any legal action or relieve the permittee from any responsibilities, liabilities, or penalties to
which the permittee is or may be subject under the Act.

Property Rights. The issuance of this permit does not convey any property rights of any sort, or any
exclusive privileges, nor does it authorize any injury to private property or any invasion of personal
rights, nor any infringernent of federal, state or local laws or regulations.

Severability. The provisions of this permit are severable, and if any provisions of this permit, or the
application of any provision of this permit to any circumstance, is held invalid, the application of such
provision to other circumstances, and the remainder of this permit, shall not be affected thereby.

Transfers. This permit may be automatically transferred to a new permittee if:

l. The current permittee notifies the Executive Secretary at least 20 days in advance of the proposed
transfer date;

4.

H.

t .

K.

L.

M.
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2. The notice includes a written agreement between the existing and new permittees containing a
specific date for transfer of permit responsibility, coverage, and liability between them; and,

3. The Executive Secretary does not notify the existing permittee and the proposed new permittee of
his or her intent to modify, or revoke and reissue the permit. If this notice is not received, the
transfer is effective on the date specified in the agreement mentioned in paragraph 2 above.

State Laws. Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee from any responsibilities, liabilities, or penalties established pursuant to any
applicable state law or regulation under authority preserved by UCA I9-5-I17.

Water Ouality-Reopener Provision. This permit may be reopened and modified (following proper
administrative procedures) to include the appropriate effluent limitations and compliance schedule, if
necessary, if one or more of the following events occurs:

l. Water Quality Standards for the receiving water(s) to which the permittee discharges are
modified in such a manner as to require different effluent limits than contained in this permit.

2. A final wasteload allocation is developed and approved by the State and/or EPA for incorporation
in this permit.

3. A revision to the current Water Quality Management Plan is approved and adopted which calls
for different effluent limitations than contained in this permit.

Toxicity Limitation-Reolpner Provision. This permit may be reopened and modified (following proper
administrative procedures) to include whole effluent toxicity (WET) testing, a WET limitation, a
compliance schedule, a compliance date, additional or modified numerical limitations, or any other
conditions related to the control of toxicants if toxicity is detected during the life of this permit.

P.
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d GLOSSARY OF TERMS

A. Definitions.

l .

)

The "30day (and monthly) average" is the arithmetic average of all samples collected during a
consecutive 30day period or calendar month, whichever is applicable. The calendar month shall
be used for purposes of reporting self-monitoring data on discharge monitoring report forms.

The "7-day (and weekly) average" is the arithmetic average of all samples collected during a
consecutiveT4ay perid or calendar week, whichever is applicable. The Tday and weekly
averages are applicable only to those effluent characteristics for which there are Tday average
effluent limitations. The calendar week which begins on Sunday and ends on Saturday, shall be
used for purposes of reporting self- monitoring data on discharge monitoring report forms.
Weekly averages shall be calculated for all calendar weeks with Saturdays in the month. If a
calendar week overlaps two months (i.e., the Sunday is in one month and the Saturday in the
following month), the weekly average calculated for that calendar week shall be included in the
data for the month that contains the Saturday.

"Daily Maximum" ("Daily Max.") is the maximum value allowable in any single sample or
instantaneous measurement.

"Composite samples" shall be flow proportioned. The composite sample shall, as a minimum,
contain at least four (4) samples collected over the composite sample period. Unless otherwise
specified, the time between the collection of the first sample and the last sample shall not be less
than six (6) hours nor more than?4 hours. Acceptable methods for preparation of composite
samples are as follows:

Constant time interval between samples, sample volume proportional to flow rate at time
of sampling;

Constant time interval between samples, sample volume proportional to total flow
(volume) since last sample. For the first sample, the flow rate at the tirne the sample was
collected may be used;

Constant sample volume, time interval between samples proportional to flow (i.e., sample
taken every "X" gallons of flow); and,

d. Continuous collection of sample, with sample collection rate proportional to flow rate.

A "grab" sample, for monitoring requirements, is defined as a single "dip and take" sample
collected at a representative point in the discharge stream.

An "instantaneous" measurement, for monitoring requirements, is defined as a single reading,
observation, or measurement.

"I.fpset" means an exceptional incident in which there is unintentional and temporary
noncompliance with technology-based permit effluent limitations because of factors beyond the
reasonable control of the permittee. An upset does not include noncompliance to the extent
caused by operational error, improperly designed treatment facilities, inadequate treatment
facilities, lack of preventive maintenance, or careless or improper operation.

3.

4.

a.

b.

5 .

6.

7.
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"Bypass" means the intentional diversion of waste streams from any portion of a freatment
facility.

"Severe property damage" means substantial physical damage to property, damage to the
treatment facilities which causes them to become inoperable, or substantial and permanent loss of
natural resources which can reasonably be expected to occur in the absence of a bypass. Severe
property damage does not mean economic loss caused by delays in production.

"Executive Secretary" means Executive Secretary of the Utah Water Quality Board.

"EPA" means the United States Environmental Protection Agency.

"Act" means the "Utah Water Quality Act".

"Best Management Practices" ("BMPs") means schedules of activities, prohibitions of practices,
maintenance procedures, and other managenrent practices to prevent or reduce the pollution of
waters of the State. BMPs also include treatment requirements, operating procedures, and
practices to control plant site runoff, spillage or leaks, sludge or waste disposal, or drainage from
raw material storage.

"Coal pile runoff' means the rainfall runoff from or through any coal storage pile.

"CWA" means The Federal Water Pollution Control Act, as amended,by The Clean Water Act of
1987.

"Point Source" nrcans any discernible, confined, and discrete conveyance, including but not
limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,
concentrated animal feeding operation, landfill leachate collection system, vessel or other floating
craft from which pollutants are or may be discharges. This term does not include return flows
from irrigated agriculture or agriculture storm water runoff.

"Significant spills" includes, but is not limited to: releases of oil or hazardous substances in
excess of reportable quantities under Section 311 of the CleanWater Acr (see 40CFR I10.10 and
40 CFR I 17.21) or Section 102 of the CERCLA (see 40 CFR 302.4).

"Storm water" means storm water runoff, snow melt runoff, and surface runoff and drainage.

"Waste pile" means any noncontainerized accumulation of solid, nonflowing waste that is used
for treatment or storage.

"l0-year, 24-hour precipitation event" means the maximum 24-hour precipitation event with a
probable reoccurrence interval of once in l0 years. This information is available in Weather
Bureau Technical Paper no. 40, May t96l and NOAA Atlas 2, 1973 for the I I Western States,
and may be obtained from the National Climatic center of the Environmental Data Service,
National Oceanic and Atmospheric Administration, U.S. Department of Commerce.

The term'toal preparation plant" means a facility where coal is crushed, screened, sized and
cleaned, dried, or otherwise prepared and loaded for transit to a consuming facility.

The term'toal preparation plant associated areas" means the coal preparation plant yards,
immediate access roads, coal refuse piles, and coal storage piles and facilities.

22-
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Appendix 7-C

WATERRIGHTS



Atl Water Rights can be accessed from the Utah Water Rights
web page at www.waterrights.Utah.qov. Included in this
Appendix is pertinent information that cannot be accessed
from the Water Rights web page.
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Augus t  20 ,  1985
Sa l t  Lake  C i t y ,  U tah

TO I .JHOM IT MAY C ONCER N :

I ,  LaVenda  K ings ton ,  w idow  o f  C .  W.  K ings ton  and  owne r
o f  333 .77  sha res  o f  s t ock  i n  and  f o  t he  Hun t i ng ton  C leve land
f r r i ga t i on  Company ,  he reby  g ran t  un to  Co -op  l , l i n i ng  Company ,
t he  r i gh t  t o  use  t he  wa te r  r ep resen ted  by  such  shapes  i n  i t s
m ln ing  ope ra t  i ons  r  op  f o r  any  o ' uhe r  use  Co -op  M in ing  Co .  deems
app rop r i a fe .

LaVenda  K ings ton

- ( t  / '

A,lZLyyaLL

' ) i
/<, . _l._

/ )l,ra-Q rQ l-c->.--,"\,4

.-:lI- --=--
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SIATE OF UTAH
NATURA:. RiSOURCES & ENERGY
Viofer ?igtrl:,

. - - = i

Deputv stotc €rptno.r/Enrr u. st6ror Arro EngrnoorrMqt p. poec
E

Scott M. Vlothesoh. Govorrror
Iemple A. ?evnoiCs. r:rtic'. 

"ve l.r{rc'!ol
Dee C. l{or$cn. Sretg Erig'rrgur

- . -_=-- :+-

-: j.turl iv'orrr Stregr . P O Box 718 . Prlce. UI8d50l . 801-637-13C8
v

Septenrber 30, 1983

Uiv is ion  o f  0 i l ,  Gas  and r ' l i n ing
At tn :  Joseph C.  He l f r i ch
424L State Off ice Bui ld ing
Sa l t  Lake C i ty ,  U tah  84114

Dear  Mr .  He l f r i ch :

At the request of Mr. Melvin Coonrodr consultant f ,or Co-op Mfning
Cornpany,  pJease be advised that  the above ment ioned company has i l teo
Change App l jca t ion  No.  a -12921 (93-10G7) ,  o f  wh ich  a  copy  is  enc losed,
reguest ing the r iSht  to wi thdraw up to 0.25 sec.- f t .  o f  water  f rom a
mine tunne l  in  Bear  Canyon loca ted  a t  a  po in t :  N .  79  f t .  &-E.  75  f t .
from the Sl lJ Cor. Sec. ?6, T165, R7E, SLB&I'1. I t  is proposed to use the
water  for  rn in ing and i r r igat ion purposes wi th in the SEk,  NEt,  T165,
R7E, SLts&M.

The change app l ica t ion  was f i led  w i th  th is  o f f i ce  on  September  2 ,1983.
Nontral proc,:ss1:ng t ime_for such a request is 90-120 dayi,  providid that
there are no protests f i led

I  t rus t  tha t  th is  b r ie f  exp lanat ion  w i l l  he 'p  c la r i f y  the i r  p rese l r t
water  r ignts status.  l f  I  can assist  fur ther  in  any way piease feel
free to cal j  on me,

S i  ncere ly ,

//u,%,
Mark  P .  Page
Area Engineer

cc:  Melv in Coonrod
Co-op Min':ng Company

Enc I  os ure

.r*-i '-r---.-
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ATTACHHENT A 9t-r067
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.Yornen H. Bangcrtcr

Goveraor

Dce C. Hansen
Exccuuve Direcror

Robcrt L. Morgan
Starc Engureer

State of Utah
DEPARTMENT OF NATLTRAL RESOURCES
DIVISION OF WATER RIGHTS

t636 West Norrh Temole, Suite 220
Sal t  Laxe Ci ty,  Utan 841'?6-3156
801 -538-7240

80r -538-7315 {Far)

Ju ly  2 , t992

Co-op Mining Conpany
c/o Joseph O. Kingston
53 West Angelo Avenue
Salt Lake City , [If I 4 115

Dear Applicant: RE: APPROVED CHANGE APPLICATION
NUI, IBER 93-3 657 (a15955)

Elrclosed is a copy of approved Change Application No. 93-365? (a15965)
flris is your authorlty to proceed nith the actual construction lrork
which under Section 73-3-10 and 73-3-12, Utah code Annotated, 1953,
as autended, nust be diligently prosecuted to conpLetion. The water
nust be put to beneficial use and proof of appropriation be nade
to the State Engineer on or before January 3I, L996, othernise,
the application wilL be lapsed.

Proof of change ie evidence to the State Engineer that the water
has been placed to its fulL intended beneficial use. By 1aw, it
nust be prepared by a registered engineer or land surveyor, who
will certify to the Location and the uses for the water. your proof
of change wiLl becone the basis for the extent of your water right.

Failure on your part to conF ly lritb the requirenents of the statutes
nay result in forfeiture of this application. It is the applicants
obligation to naintain a current address with this office. please
notify this office innediately of any address change.

Your contact wlth this office, should you need ii, is with the
Regional Engineer, Iilark Page. The telephone nunber is
(801)  537-1303 .

Sincere ly ,

ffi%44/r"
Robert  L.  Morgan 7h.8.
State Engineer

RLM: jb
Encl. : Copy of Approved Change Application

Memorandum Decision



BEFORE THE STATE ENGINEER OF TI{E STATE OF UTAH

I N THE I'IATTER OF CHANGE APPL I CATIOII

Nt l , fBER 93-3557 (a15965)

)
) I,|EM0RANDUM DECISIoN
)

Change 4ppt icat ion Number 93-3657 (aI5965) was f i ' led January 11,  l9gl ,  by Co-0pl ' f ining..Company c/o , lgt.p.t t  0. Kingston. H6retofore, I5.0 acie-feet ot 'wi ier hasbeen diver ted f rom Hunt ington_ Ciee_k at  the Cleveland Canal  located at- i  point
North l74A feet  and East  160 feet  f rom^thg.  Sl /4 Corner o l lect ion 9,  T17S, RgE,SLB&M. The water  has been used for  i r r igat ion 'and l ivestocI  purposes.  The waterunder this change-aqR_l icat ion is repreiented by.stock Ceii i - f l iate Number 2690,in the amount of  48 shares of  Ciass A stotk in the Hunt ington-Cleveland
Irr i99! ion Compan{.  Hereaf ter_,  the appl icant  proposes to d iver t  the samequant l ty  of  water  f rom a spr ing ' located at  a point 'Soutn VZS feet  and Wesl  l2g0feet from the NE Corner of Secti on 22,_J1-6S, iZE, _SLB&M, .nd-iror the Bear-CanyonMlne portal I ocated at a poilt North 79 feet and East is feet from the ShJ cornero f  Sec t ion  24 ,  T165,  R7E, 'SLB&M.  The water  i s  to  be  used fo r - t t re  domest ic  supp lyo f  19  fami l i . . t '  the .  supp lementa l  im iga t ion  o f  1 .39  . i i i ,  .nb  io r  uses  assoc ia tedwi th  coa l  min ing  a t  the  Bear  Canyon i l ine ,  wh ich  inc luAes-U i thhouse fac i l i t i es ,dus t  suppress ion ,  f i re  p ro tec t ion  and o ther  re la ted  uses

Publ ic  not ice of  the change appl  icat ion Ia:  g iven- in lhe.  Emerv County proqr.ess
b .9 ]nn ing .February5 , l99 l , i ndend ing .Febr [a ry19 ,o the
publ ic  not ice ' -pro le l t !  were f1 ' l .e{  b.v t ie  North tmery water  Users,  Associat . ion,Cast le  Va l Iey  Spec ia l  Serv ice  D is t r i c t ,  and t tun f lng ion  C i tv . '

A hear ing was held on Thursday,  t4ay ?,  1991,  in  Cast le Dale,  Utah to rev iew theappl i  cat i  on and recei ve comments- fr 'om th._ protestants .  f fg .ppf i . .nt wasrepresented by Attorney Carl -E. Kingston- Th; protestants were represented bytheir  1ega1 counsel  ,  Mr.  Jef f rey l , l . -Appel  .  
r  -

In defense of  the aPpl  ic_at ion,  Mr.  King-ston indicated that  Co-0p Mining Companyhas been mi n i  ng coal  i  n  Trai ' l  and Bear. -Canyons s i  nce 1940.  Dur ihg th j  i - t i re,  i  thas been thei r  understanding that  the water  used at  the-mine and for  theres idences  t l  T r -a i l .Canyon h is  been va l ida ted  b t  shares  o f  s tock  owned in  theHunt ' ing ton-CIeve land I t f iga t ion  Compa.ny ,  1 !d  !y .n  ind iv idua l  water  r igh tre fe renced  as  93-1067 .  Ho  ind ica ted ' th ; i  a l l  o f inJ  m in ing 'p r io r  to  l9g0  tookp' l  ace in Trai l  Canyon.  At  that  t ime,  because of  g io]9gic p.5urems, the miningef for t  r ras moved to Bear Canyon where i t  is  s t i l l ' tak ing-pi . i . .

T l , .  present  use of  water  is  ref lect ive of  the h istor ic  use made at  the mine andthe  res idences . .T ie  sp r ing  re fe renced  in  th i s  change  app l iC i t i on  j s  loca ted  inTrai l  Canyon and is  used fo provide water  for  the i9 i is iAences,  0S wel l  as aport ion of  the i r r igated acreage_.  The water  d iver ted at  the mine porta l  provides
for  the  min ing  .and .suppo_r t  fa i i l  i t i es ,  wh ich  inc l  udes  an  o f i i ce 'and ba fhhouse,
as  we l l  as  i . f iga t ion  o f  top  so i ' l  s tock  p i ' les .  The in -mine  use invo lves  dus tcont ro l  a t  the  mine  face .  The ind iv idua l  water  r igh t  o*n .O by  the  ipp l i i i n t . i  sa lso d jver ted f rom the Bear CanyoLl ' l ine porta l  and lsed for  doi lest ic ,  i r r . igat ion
a ld  m in ing  uses  in  Bear  Canyo_n-  Th is  r igh t  i s  jun io r  in  p r io r i t y  to  the  r igh tsof  the Hunt ington-Cl  evel  and Imigat ion Cimpany.-
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By way of  background concerning th is  change appl icat ion,  Mr.  Kingston jndicated
that  in  1990,  Co-0p t ransferred 60 shares of  thei r  I r r igat ion Company stock to
a  ne ighbor ing  mine .  A t  tha t  t ime,  h is  c l ien t  was  contac ted  by  the  I r r iga t ion
Company request ing that  shares of  s tock be t ransferred to the mine becauie Co-
0p 's  F l i va te  water  r igh t  i s  iun jo r  to  the  r igh ts  o f  the  I r r iga t ion  Company.  As
a resul t ,  the appl icant  had Stock Cert i f icate #2690 div ided f rom a pr ior
Cert i f icate in the amount of  48 shares.  I t  should be noted that  the appl icant
holds an addi t iona' l  188.77 shares of  s tock in the Company.

Mr. K' i  ngston bel i  eves that the concerns of the protestants ,  wh' i  ch deal w j  th
c la imed inter ference of  the y{er  gqal ' i ty_and quant i ty  of  the ' i r  cu l inary spr ings
in  the  area  has  no t  resu l ted  f rom the  app1 ican t ' s  d ivers ion  o f  water  fo r  min ing
purp0ses .

Mr.  Richard [ , lh i te,  a Hydrologist  wi th Earthfax Engineer ing,  r las present  at  the
hear ing and indicated that  he was reta jned by the appl icant  to per form a
hydrologlc study of  the area.  In h ' is  rev iew of  Hunt ington Creek f low data,
spr ing f low data f rom Big Bear_,  L i t t le  Bear,  T ie Fork and Birch Spr i rgS,  and
recent  p rec ip i ta t ion  da ta  f rom f i ve  s ta t ions  in  the  area ,  i t  appeared to  h im tha t
the concerns of_the protestants rest in the fact that for the past several years,
less than normal  precip i tat ion has fa l len on the watershed.  As a resul t ,  water
has  no t  been ava i ' lab le  to  recharge the  spr ings .  He a lso  ind ica ted  tha t  the
quant i t y  o f  water  f low ing  in  the  Bear  Canyon Mine has  been re la t j ve ly  cons tan t
s ince  1984.  There fore ,  i t  i s  h is  op in ion  tha t  the  Co-0p M' in ing  opera t ion  is  no t
inter fer ing w' i th ,  nor  are they responsib le for  the reduced f lows at  the
protestants '  spr ings.

Mr.  Appe1,  speak' ing in behal f  of  the protestants,  indicated that  the concerns of
h is  c l ien ts  centered  around two main  prob lems:  F i rs t ,  a  reduc t ' ion  in  the
quant i ty  of  water  avai lable for  del ivery to the cul ' inary and munic ipal  water
sys tems;  Second ly ,  the  degradat ion  o f  the  water  qua l i t y ,  par t i cu la r ly ' in  B i rch
Spr ing .  Co l lec t i ve ly ,  the  pro tes tan ts  p rov ide  cu l inary  and mun ic ipa l  water  to
approximately 4000 people in Emery County,  and these sources of  water  are
inva luab le .  Mr .  Appe l  fee ls  tha t  the  water  tha t  has  h is to r icar iy  been d iver ted
by the appl icant  has been done wi thout  the benef i t  o f  a proper ly  approved water
r igh t .  He a lso  s ta ted  tha t  the  app l ican t ' s  h is to r ic  water  use  exceeds the  l im ' i t
o f  the i r  p r i va te  wa te r  r igh t ,  wh ich  accord ing  to  h is ' i n fo rmat ion  i s  l im i ted  to
the  i r r i ga t ion  o f  0 .50  ac re .

H is  c l ien ts  be ' l  ieve  tha t  the  cont inu ing  _dec l ine  in  f ' l ow a t  B i rch  Spr ing  and B ig
Bear  Spr ing ,  can  be  a t t r i bu ted  to  the  app l i can t ' smin ing  ac t i v i t y  in  Bear  Canyon .
Dur ing  a  120 day  per iod  in  la te  1989 and ear ly  1990,  the  water  f low a t  B i rch
Spr ing  inc reased approx imate ly  th ree fo ld .  Dur ing  th is  same t ime per iod ,  the
other  spr ings  in  the  area  cont inued to  exper ience a  s l igh t  decrease in  f low.
A lso  dur in_g th is  unusua l  f ' l ow event ,  _0_ i l  and grease were  found in  B i rch  Spr ing .
As a resul t ,  the protestants have f i led protests against  the renewal  of  the
app l ' i can t ' s  m in ing  permi t  w i th  the  D iv i s ion  o f  0 i1 ,  Gas  &  l . | i n ing ,  iS  we l l  as  th i s
water  app l  i ca t ion .

- - - " 4 - ' - -
!
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I t  i s  the  op in ion  o f  the  pro tes tan ts  tha t  the  app l ican t ' s  min ing  opera t ion  has
in te r fe red  w i th  the  quant i t y  and qua l i t y  o f the i r  cu l inary  spr ings .  As  a  resu l t ,
the  gran t ing  o f  th is  change app l ica t ion ,  and the  renewal  o f  the  app l ican t ' s  mine
permi t  shou ld  be  he ld  in  ques t ion .  Mr .  Appe l  fee ls  tha t  h is  c l ien ts  r igh ts  have
been jeopard ized as  a  resu l t  o f  the  app l ican t ' s  ongo ing  v io la t ions  o f  the i r
current  mining permit  as i t  per ta ins to thei r  underground as wel l  as sur face
opera t ions ,  and the  approva l  o f  th is  water  r igh t  w i l l  resu l t  in  cont inued
probl ems.

Attorney Kingston stated that data obtained from core holes dri ' l ' led at the Bear
Canyon Mine indicated that  the regional  aqui fer  which under l ies the mining perm' i t
area,  js  be ' low the area being mined.  As a resul t ,  contaminat ion f rom in-mine
work  cou ld  no t  in f luence the  qua l i t y  o f  the  pro tes tan ts 'water  sources .  In  a
s imi la r  manner ,  the  re -charge area  fo r  the  pro tes tan ts '  spr ings  is  loca ted  up
s lope f rom the  app l ican t ' s  sur face  fac i l i t i es .  Contaminat ion  o f  the  spr ings  f rom
th is  a rea  o f  the  mjn ing  opera t ion  wou ld  be  h ' igh ' l y  un1 ike ly .  He fu r ther  ind ica ted
tha t  Co-0p w i l l  d r i l l  four  mon i to r  we l ls  to  fu r ther  de f ine  the  loca t ion  o f  the
reg iona l  aqu i fe r  i n  re la t ion  to  the i r  m in ing  ac t i v i t i es .  Add i t i ona l  samp l ing
wi l l  a ' l  so  be  schedu led  wh ich  w i ' l  I  inc lude B ig  Bear  and B i rch  Spr iDgs ,  i f  the
protestants wi l l  a l low access to these sources.

l , l r .  Appel asked that he be al ' lowed ten days from the date of the hearing to
provide supplemental  comments to the hear ing record.  This request  was granted.
l , l r .  K ' ingston t ras af forded an opportuni ty  to provide a response to Mr.  Appel 's
comments.

0n May 23, 1991 , thi s off  i  ce recei ved l l r .  Appel 's add' i t i  onal comments. They
centered  around the  lack  o f  in fo rmat ion  conta ined on  the  app l ican t ' s  change
app l ica t ion .  He po in ted  to  de f ic ienc ies  w i th  respec t  to  the  pr io r  po in ts  o f
d ivers ion ,  p laces  and ex ten t  o f  use .  Aga in ,  he  ra ised the  issue concern ing  the
app l ican t ' s  p r iva te  water  r igh t .  He a lso  ques t ioned the  supp lementa l  na ture  o f
the change appl  icat i  0n.  He fee ' l  s  that  the approval  of  th i  s  appl  i  cat i  on wi  I  I
resul t  in  an enlargement of  the water  r ight .  At torney Appel  a lso pointed out
tha t  h is  c l ien ts '  use  o f  thewater  i s  s ta tu to r i l y  recogn ized as  a  h igher  p r io r i t y
use than that  of  the appl icant .  Therefore,  in ter ference should not  be a l lowed
to  cont inue.  Because o f  the  many de f ic ienc ies  found in  the  app l  i ca t ion ,  and the
en ' l  a rgement  and pr io r i t y ' i ssues ,  l ' |F .  Appe l  be l ieves  tha t  the  app l ica t ion  shou ld
be denied by the State Engineer.

0n  June 3 ,  1991,  th is  o f f i ce  rece ived l ' l r .  K ings ton 's  response.  He ind ica ted  tha t
the  issues  ra ised and addressed a t  the  hear ing ,  had no t  changed.  The h is to r ic
water  use  by  the  app l ican t  a t  T ra i l  and  Bear  Canyons has  no t  s ign i f i can t ly
changed.  The app l ican t  has  main ta ined a  persona l  water  r igh t ,  t s  we l l  as  shares
in the Company to cover thei r  water  use.  l ' l r .  K ingston po' in ted out  that  the
informat ion contained on the change appl icat ion is  adequate,  and does represent
the  jn ten t  o f  the  app l ican t .  There fore ,  he  fee ls  tha t  the  app l ica t ion  shou ld  be
approved,  and a l low the  app l ican t  to  cont inue the  h is to r ic  use  o f  the  water .
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The State fngjneer las reviewed the writ ten responses from the appl icant in
defense of the appl i  cat_i_on, iS wel I  as the report prepared 5v Earthf ax
Fng lneer ing .  L ikewise ,  a l l  o f  the  in fo rmat ion ,  tes t imony and repor is  p rov ided
by the-protestants,  which inc ludes two reports f rom geologist  Bryce Montgom€Fy,
have also been reviewed. I t  appears that there are two issues tnat need to bg
reso lved.  Qne is  the .  p ro tes tan ts '  concerns  w i th  the  phys ica l  m in ing  opera t ion
0-f the Tpl icant, and their-purported interference wjttr  the undergiouird water
f low paths,  t rs  wel l  as aqui fer  contaminat ion.  These are matters [nat  are not
w ' i th in  the  iu r isd ic t ion  o f  the  Sta te  Eng ineer  to  reso lve ,  and w i l l  no t  be  dea l t
w i th  in  th is  p roceed ing .  _ I t  appears  tha t  the  app l ican t  and pro tes tan ts  shou ld
con t inue  to  workw i th  the  D iv i s ion  o f0 i l ,  Gas  &Min ing ,  in  an  a t tempt  to  reso lve
these concerns.

The second issue which wi l ' l  be addressed in these proceedings is  whether or  not
the prop.osed _c!a1S_e apPl icat ion can be approved in accordance-with the provi sions
of  Sec t ions  73-3-3  and 73-3-8 .  I t  i s  be l ieved tha t  the  change app l ica t ion  as
f i led  w i th  th is  D iv is ion  conta ins  a l l  o f  the  re levant  in fo rmat - ion 'ahd meets  the
s ta tu to ry . requ i rements  o f  the  la t r .  I t  i s  no t  vague and mis representa t ive  o f  the
lPp l ican t ' s  in ten t ions .  I t  i s  no ted  tha t  the  or ig in  o f  the  water  r igh ts  he ld  by
! l ,e pfotest_ants and the appl icant_are based on shaie ownership in theiunt ington-
C leve land I r r iga t ion  Company.  The per t inent  r igh ts  were  decreed in  the-A.H.
Chr is tensen Decree da ted  January  28 ,  1915.  Th i  re la t i ve  p r io r i t jes  o f  the
lpp l i can t ' s  and pro tes tan ts '  water  r igh ts  a re  equa ' | .  I t  i s  recogn ized tha t
domest ic  and.qUlc ipal  uses are super ior  to other  t ises wi th the same 

-pr ior i ty  
i f

water  ava i lab i l i t y  becomes a  c r i t i ca l  i ssue,  and there  is  insu f f i c ien t  wate i  to
prgv lde_for  a l l  uses .  However ,  i t  i s  the  op in ion  o f  the  Sta te  Eng ineer  tha t  a
cr i t i ca l  water  shor tage does  no t  ex is t  wh ich  may requ i re  such a  dEc la ra t ion .

In revi^eli_ng a'l ' l of the perti nent i nformati on , i ncl ud'ing i nformati on from a
recent  f ie ld  examinat ion ,  i t  i s  be l ieved tha t  the  cur ren t  water  use  a t  the  Bear
Canyon l ' l i ne  and the  assoc ia ted  uses ' in  Tra i I  Canyon have no t  s ign i f i can t ' l y
c lqnged o_ver . the  pas t .  many years .  The app l ican t  i s  no t  seek ing  to  d iver t
addi t ional  water  nor  change water  sources beyond curuent  pract ices.-  I t  is  the
9P ' in ion  o f  th is  D iv is ion  tha t  there  has  no t  been de f in i t i ve  in fo rmat ion  prov jded
by the protestants concerning the appl  icant 's  ' in ter ference wi th h is tor ic  f lows
1l  !h.  protestants ' -spr i .ngs.  Each party is  encouraged to sample and monj tor
thei r  water  sources for  thei r  own protect ' ion,  and for  the mutual  benef i t  o f  each.
I t  i s  the  op in ion  o f  the  Sta te  Eng ineer  tha t  the  approva l  o f  th is  change
app l ica t ion  w i l l  no t  in te r fe re  w i th  the  water  r igh ts  o f  the  pro tes tan ts  o r  o th6r
water  users on Hunt ington Creek.

I t  iS,  therefor€,  ORDERED al_d Change App' l  icat jon Number 93-3657 (a l59G5) is
hereby  APPR0YED sub jec t  to  a l l  p r io r  r igh ts  and the  fo l tow ing  cond i i ions :

1)  The app]  i  cant  must  i  nsta] l  to ta l  i  z i  ng water  meters at
the spr ing and the mine porta l  to neasure a l . l  water
di  ver ted and ut i  I  i  zed,  and prov ' ide addi  t i  onal
in fo rmat ion  concern ing  the  in -mine  use.  A  wr i t ten
report  of  the annual  water  use is  to be provided to the
State appointed River Corynjs; joner. Any costs.__\__--::
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associated wi th the moni tor ing and regulat ' ing th is
change app l ica t ion  sha l l  be  borne by  the  app l ican t .

? l  No changes in the points of  d ivers ion can be made
wi thout  p r io r  au thor iza t ion  f rom the  D iv is ion  o f  b la te r
R' ights ,

3)  Cont inued ownership of  the shares of  s tock must  be
main ta ined wh ich  prov ide  the  bas is  fo r  th is  change
app l  i ca t ion .

Thi s Deci si  on i  s subject to the prov' i  si  ons of Rul e R555 -6-17 ( 1992 Utah
Admin is t ra t i ve  Code- - fo rmer ly  R625)  o f  the  D iv is ion  o f  t la te r  R igh ts  and to
Sect ions  63-45b-13 and 73-3-14  o f  the  Utah  Code Annota ted ,  1953,  wh jch  prov ide
for  f i l ing e i ther  a Request  for  Reconsiderat ion wi th the State Engineer or  an
appeal  wi th the appropr iate Dist r ic t  Court .  A Request  for  Reconsiderat ion must
be  f i led  w i th  the  Sta te  Eng ineer  w i th ' in  20  days  o f  the  da te  o f  th is  Dec is ion .
However,  a Request  for  Reconsiderat ion is  not  a prerequis i te to f i l ing a court
appeal  .  A court  appeal  must  be f j led wi th ' in  30 days af ter  the date of  th is
Dec is ion ,0 r  i f  a  Reques t  fo r  Recons idera t ion  has  been  f i l ed ,  w i th in  30  days
after the date the Request for Reconsideration is denied. A Request for
Reconsiderat ion is  considered denied when no act ion is  taken 20 days af ter  the
Reques t  i s  f i l ed .

Dated this 2nd day of Ju1y, 1992.

RLM/MPP /njk/ jb

Mai led a copy of
to :

the foregoing Memorandum Decision this Znd day of JuJy, 7992,

Co-0p Mining Company
Attn:  Car l  E.  Kingston,  At torney
53 l,lest Angel o Avenue
Sa l t  Lake  C i ty ,  UT 84115

North Emery l , later Users' Associat ion
Cast le  Va l ley  Spec ia l  Serv ice  D js t r i c t
Hunt ing ton  C i ty
Attn: Jeffrey bl.  Appel and I ' l iche' le Mattsson
c/o Haley & Stolebarger
175 South  Main  St ree t ,  Su i te  1000
Sa l t  Lake  C i ty ,  UT 84111

g - . - - - - - - :
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Huntington-Clevel and Irrigation Company
ATTN Varden [,fi I son
55 North l,lain
Huntington UT 84528

Oran Varden t{i I son
Ri ver Comi ssi oner
P0 Box 405
Huntington, UT 84528



CHANGE

o
)

Jf i t{  17 JAN | | 1991

Kec.ovtr
Fee Paitr s Af't

Receipto 
''4qqE7

i .STfiTE OF UTAHv- --WAtER 
RIGHTS Microlilmed

. :  " - ' PFICE ROII T

For the DurDose ot obtainingpermission to make apermanenl changeofwater in the State of Utah,-application is
ireiiiiu'ma1ie io itre Stiie gi'tiineer, based upon thdfollowingshowingof facts, submitted in accordance with the
reouir-ements oI Section 7}'5 Utan Code Annotated 1955, as amended.

"WATE
Changes

X

R RIGHT tr1g. 93 3557 _- "AppLICATION NO. a - a-15965

are proposed in (check those applicable)
point of diversion. ^ place of use.- X nature of use.- Period of use.

1. OWNER
Name:

INTORMATION
Co-Op Min ing ComPanYclo Joseph 0.  Kingston "Interest z - olo

Address: 53 West  Anqelo Avenue

City: Sa l t ,  Lake  C j t y

2. .pRIoRIfi oF cHANar. 
January 11; 1991

''ls this change amendatory? [Yes/No]: No

Utah

'FIIING DATE:

Zip Code: 84115

January  11 ,  1991
State:

A.H. Chr is tensen Decree Hunt ington Creek 93- 228
3. RIGHT EVIDENCED BY:

-C leve land  I r r i qa t i k Cert i f icate No.  2690

Prior Approved Change Applications for this right:

i r i r i t i i i . ; i++i i++i ir ir i i i++i i t in++iF+tF++iir i+: l  HERETOTORE i r '  i i  i r  +++:1.?++ +++'?++ +++ri * t i+ ++ i i i i  + + ++

15.  0 ac-ft.t4.

5 .
6.
7.

QUANTITYOF WATER: cfs and/or

SOURCE: Huntington Creek

COUNTy. _ Emery

POrNT[S) Or DTVERSION: See Attached Sheet

Ear th  and concre te  d ivers ion  dams,  ear then d i tches ,  p ipe l ines
Description of Diverting Works:

I
8. POINT(SI ot REDIVERfiION

The water has been rediverted from at a point:

o

Description of Diverting Works:

e. POINT(S) Or RH:LRN
The amount of water consumed is - cfs or 15 ' 0 ac'ft.

The amount of water returned is - cfs or ac-It.

The water has been returned to the narural stream/source at a point(s):

"TnesstGms are to be completed by the Dlvtsion ol Water Rlglrts.

Permanent Chaneel



10. NATURE AND PERIOD OF USE
Irrigation: From Marqh 2 ro November 14
Stockwatering: Frorn Januarv l to December 31
Domesric,  Fro* January 11e December 3l

o Municipal:
Mining:
Power:
Other:

Municipal fname]:

From to_
From to -
From
From

t 0 _
t o _

11. PURPOSE AAID EXTENT OT USE
Irrigation ' 32,673.26 acres. Sole supplV of
Stockwater inp fnrrmher and kinrt) .  6797 Catt ' leStockwaterirlg [number and kind):
f l n r n o c t i n .  6 5 0  E a m i l i a a  a n J  / a r

acre5.

Domestic. ort/ Families and/or Persons.

Mining: Mining Districr in rhe Mine.
Ores mined:

Power: Plant nErDo: !pe: -Capacity:
Other [describe):

12. PLACE OF USE

f f 3l,8il?lif i?lilf i",1'"ct?f',i',i'of lll-"Tltt.

15. STORAGE
Reservoir Name: Storage Period: from to
Capacity: - ac-ft. Inundated Area: acres.
Height of dam: Ieet.

o
,

Legal description of inundated area by 40 tract(s):

r;'F-:i+.r: i. 'rifi-?ri!.?++ir;4r+;r+ri| 'rr THE FOILOUTING CHANGESARE PROPOSED ++++*rir,rF+*+-:i+;!,ri;r.i i i,.i,.;r++

1 4 .
15 .

16 .
t7 .

QUANnla OF WATERT - cfs and/or 1.5.0 ac-tt.
SOURCE: 1) Spr inq 2) Mine P0rtal
Balance of tle water will be abandoned:
COUNTy. Emery

B'fF)g'P-jul',Pi9Tt t t  . \ /  L  t

or will be used as heretofore:

Description of Diverting Works:Col  I  ec t ion boxes,  sumps,  por tabl  e Dumps& 10 ,000  ga l  . s torage
."COMMON DESCRIPTION: I  m' i l  es of  Hunt ington awatha Qua

18. POINT(S) OF REDTVERSTON
The water will be rediverted from at a point:

Description of Diverting Works:

19. POrNTIS) Or RETURN
ll The amount of water to be consumed is -.- cfs or 15. 0 ac-ft.
vTheamoun to fwa te r t obe re tu rned i s - c f so rac - I t .:



20.. NATTJNE AND PERIOD OF USE
From March 2 November 14

From
to
to

From January 1 1o December 31o
From January I 1eDecember 31

to

From
From

Irrigation:
Stockwatering:
Domestic:
Municipal:
Mining:
Power:
Other:

t0

t0

21. PURPOSE AND EXTENT OF USE
Irrigation; 1.  39 acres. Sole supply of 1.00 . acres.
Stockwatering (number and kindl:
Domestic, 19 Families and/or Persons.
Municipal [name):
Mining: Unnamed Mining District at the Bear Canyon Mine.

ores mined: Coa I

Power: Plant rElrn€:
Other (describe):

22. PI.ACEOFUSE
Lesal description of place of use bv40acre tract(sl: ElrNEk. NEkSEk Sec. 22. SEtNEk. NLSEk
SEction 26, botl  T15s, R7E, SLB&14.

to
O sroMGE
J Reservoir Name:

Capacity: ac-ft. Inundated Area: acres.
Height of dam: feet.
Legal description of inundated area by 40 tract(s):

Storage Period: from

Type: Capacity:

24. EXPI"q'NATORY
The following is set fo h to define more clearlv the tul! purpose ol this application. Include anv supplemental
water rights used for the same purpose. [Use adalitional pages of same size iI necessary]:
Th is  Change App l ica t ion  w i l l  be  used supp lementa l l y  w i th  93-1057 fo r  i r r iga t ion
Durooses  on l  v .

++ +.?.Fir.lF ii ir + + ii + +,iF + + +.?i. ri. ii +fi +;i+++ j.i ++ +++ + + +fi+ {r +.lr.Y. ir+ ++ + + + ir + +{. 't;F;i n ii + + i? +;i+ii ii ir

The undersigned herebv acknowledges that even thouShhe/she/they mauhave been assistedln thepreparation
of the above.numbered application through the courtesy of the employees of the Division ot Water Rights, all
responsibilirv for the accuracv of the inlormation contained herein, at.Ile time of filing, rests with the

--.:_--o
applicant{s).



Paraqraoh #7 Points of  Divers ion

Howard Di tch
N.  730 f t .  &  E.  1110 f t .

Br inkerhof f  D i tch
N. 1030 ft .  & t^l .  370 ft .

De l l  Lo t t  D i tch
s.  370 f t .  & E.  350 f t .

E lk  &  R i lda  Sor ings
E lk  Spr ing :  N .  2100  f t .
R ' i  l  da Spr i  ng:  N.  200 f t .

Har r ison  D i tch
N. 750 ft. from Sl'l Cor. Sec. 5, T17S, R8E, SLBII{

Rowley Ditch
N. 100 ft. & E. L270 ft. from St.t Cor. Sec. 5, T17S, R8E, SLBTM

North Ditch
N. 960 ft. & l.l. 440 ft. from Et Cor. Sec. 15, T17S, RgE, SLB&14

See ly  &  Co l la rd  D i tch
S. 1320 ft. & lrl. 300 ft. frcm Nk Cor. Sec. 8, T17S, R8E, SLB&I|

Robins-Truman DJ tch
N. 2300 ft .  & t. | .  50.ft .  from Sk Cor. Sec. 9, T17S, RBE, SLB&il

Cleveland Canal
N. 2290 ft. & |r{. 65 ft. fron St Cor. Sec. 9, T17S, R8E, SLB&M

Re-diversion point: N. 750 ft .  & E. 1950 ft .  frorn I ' lL Cor. Sec. 11, T17S, RIOE, SLB&M

Bear Canyon Spring
l\|. 2n45 ft. & E. 185 ft. from Sk Cor. Sec. 25, T165, R7E, SLB&M

Litt le Bear Canyon Spri ng
N. 1750 ft .  & l , l .  95 ft .  from St Cor. Sec. 9, T165, R7E, SLB&M

Huntington Cana l
S. 850 ft. & l.l. 530 ft. from NL Cor. Sec. 15, T17S, RgE, SLB&\

Unnamed Sori ng
N. 28i3 ft. & ll. 27L6 ft. from Sk Cor. Sec. 26, T165, R7E, SLB&14

Bi rch  Spr i  ng
N.2026 f t .  &  t l .  2172 f t .  f ro rn  SL Cor .  Sec .  26 ,  T165,  R7E,  SLB&M

Unnamed Spring
S. 1120 ft. & }l. ?020 ft. from Nlr Cor. Sec. 35, T165, R7E, SLB&M

from l. lk Cor. Sec. 36, T165, R7E, SLB&M

from SE Cor.  Sec.  36,  T165,  R7E, SLB&M

from N[. l  Cor. Sec. 6, T17S, R8E, SLB&M

& E. 1800 ft .  from St' l  Cor. Sec. 5, T17S, R7E, SLB&M
& t^1. 2700 ft .  from EA Cor, Sec. 29, T165, R7E, SLB&M

^ Ranger  S ta t ion  Spr ing
I t  S.  9?8 f t .  & E.  1,47 f t .  f rom Nk Cor.  Sec.  23,  T15S, R7E, SLB&M

..



l .

2 .

3 .

5.

6 .

4 .

STATE ENGINEER'S ENDORSEMENT

CHANGE APPLICATI0N NUMBER: a15955 WATER RIGHT NUMBER: 93 - 3657

January  l l ,  l99 l

January  11 ,  1991

January  15 ,  1991
February 5,  l99l
March 28,  1991

March 22,  1991

l,farch 2, 1992

Comments:
Pro tes ted  bv :  Nor th  Emerv  t {a te r  Users '  Assoc ia t ion .  Cas t le  Va lJev  Soec ia l
D is t r i c t  and Hunt inq ton  C i tv  3 /22 l91

ndi  t i  ons :
This appl icat ion is  hereby APPR0VED by f ' lemorandum Decis ion,  dated Ju)y 2,  1992,
sub jec t  to  p r io r  r igh ts  and the  fo l low ing  cond i t ions :

a.  Actual  construct ion work necessi tated by proposed change shal l  be
d i  I  i  gentl  y prosecuted to comp'l  et i  on .
b.  Proof  of  change shal l  be submit ted to the State Engineer 's  Of f ice
by  January  31 ,  1996.

Time for  making Proof  of  Change extended to

Change Appl icat ion received by MP.

Pr io r i t y  o f  Change App l ica t ion .

Appl icat ion reviewed and approved for  advert is ing by MP.
Publ icat ion began in Emery County Progress.
Pub l  i ca t ion  comple ted  and ver i f ied  by  LK.

End of  protest  per iod.
Appl  icat ion protested:  N0

Appl icat ion designated for  APPROVAL by MP and KLJ.

o,o

State

Proof submit ted

o::



APPENDIX 7-D

AGREEMENT WITH HUNTINGTON CITY



AGREE},TENT

THIS AGREEUENT encered into this :^& day of

, 1982, bY and between Co-op Mintng Company, a

Ucah parEnersh lp ,  C,O.P. ,  INC. ,  a  Utah  corporac ion ,  l rc re in -

af ter  Jotnr ly r 'eferred to as t 'Co-op",  and I lunulngcon Ciry,  a
urunlc lpal  corporatLon, hereinafcer cal led t tCicy".

WITNESSETH:
' 

THAT IIUEREAS, Co-op is undercaking to..develop and puc

Lnto operacLon a coal nLne tn Big Besr Creek Canyon, ln
Emcry County, Utah;

AI{D hHEREAS, CtEy has recelved in the paac and ts now
receivtng a slgnlftcint porEion of its eulinary naEer supply

fron a sprlng in Big Bear Creek Canyon in che general prox-

tutcy of the proposed mining opcration;
. AND SIIIEREAS, che parelcs to this Agreeunnu wlsh to

cooperaEe wich each otrher eo as Eo asaure ghac Co-op acclvl-

t ies wil l not in.any Danner rcsulc in a loss or d,imtnution

of che water supply aveflable Eo. Ehe City from the Spring,

Ehc prrries do hereby AGREE and COVENANT begween chemselvos

aB fol lows:

1.  Thag. 8!  che opt ion of  Ctty,  represenEauives of

Ctty and rhe Co-op w111 make inspeccions undergronnd Ln the

old Bear Canyou Mlne and any ocher mLne operaEed in Bear

Canyon by Co-op, to check for water.

2. Thac the Cicy wil l uaintain a flow meter at the

Sprtug slcc and shall ' take oeasuremenEs frou the mocar on a

contlnuing bacio ao c,hat any interference trich the water

.eupply or dluLnuE,ton in the flos can'be readily determined;

and the flos flgures a8 uleasured shall be uade available Eo

Co-op.
' 

:,3. That Ln che evenc that the guality of waEer aE Ehe

Blg Bear Creeh Sprtng slce decreases below the scandards seE

by che Utah Stgte Board of Health for cutinary eater, or in

Ehe evenc thac the quanEicy of nater aE the Big Bear Spring

decreases ln flon -,lfl/r:elow the f low for the nonth

lmedtacg$rt.:preeedlng, ln any 30-day period: or 50 per cenc

below thir a{era8e flow for Ehe preccdlng I80 days in any
"  

.  .  l i ' l '

I80-day pe'rlod and'aueh decrease cannoE reasonably be ac-

connEed.for as being a :result of a lack of precipttacLon or

f,g{ta" 
csuses unrelaEed Eo Co-op; s' tDthtng.;.a.:Eivirles, then

iCgtlqp shall.,.Ln sccorda,nce wlch thls Agreenent utdercake sueh

i6{,9-fon..aa .qaY be necessary go obCaln water'from some other

tsouacer' aad place satd wager LrrCo Che cull.nery water sysEeE
'bfi l,gfty- 

ln 
'sueh 

quantlCy and quallty as would replenlsh che

flow-and 
''quality 

that has been lost trich the saue guancicy

of water,  Ehe qual tCy of  whlch passes che scandards of  the
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utah suace Board of Health for curlnary wat€r. Co-op agreeg
co use all rebsonabta dtlLgence Eo cake che requlred acrLon
or uake the regul.red replecemenc of a pernanenc aeceptable
nature aB rapl .d ly as feaslbre,  noc Eo exceed one year,
unreee a greater t lne te required by law, and furcher agreeg
to naLntain such EenPorary rneasures unril permanent measurgs
are coDpleted, aE co-op's sole expense. rn Ehe event chac
wacer EreaEEenc lc reguJ.red to brlng the uarer obcained by
co-op up to urah stace atandardg for cur!.nary nacer, co-op
furthar r,groer Eo pay the proporEionrcc shEre of rhe co8E
for grcatment of aald uacer as long ar the incerruption
conttnuar. In rhe evenc tt l-s lacer d,erermlned thar such
decrease in the flow.or gualtry of waEer Lg not a result of
co-oprs ulnl-ng acclv lEles,  c l ty agrees to reinburse co-op
for lts reasonablc and necessery expenses incurred pursualt
Eo chls paragraph. co-op furrher agrees thac if sald uining
operacions dfuninlsh or interfcre wlth che frow of or quallcy
of nauer fros the above Spring Eo the extenE rhar mechanical
water creatEenc plant is necessary,  said co-op shal l  pay e
percentage of  the planc coeE related Eo said planu, propor-
tlonal co the water needLng ffeatmenc aB e resulc of che
dlninurfon ln quellcy or guantlty of the Blg Boar springe,
coaparod Eo cha total wacer be{.ng rreared by che ctcy.

4. Tha parcLes furrher agree ehac uhe flguree of &,54-

Ebe Bi.g Bear creek spring ciced Ln paragraph 3 above as uhri
trigger for co-op's, obrl.gatlon to repLace said diminucion of
flow nay be altered fron time to time by mucuat agreemenc of
Ehe parciaa aft,er a period of three yesrs , efr,et r.rhich clme
the parlctea wtll hava eufftcLenc spring flow data Eo glore

accuracely escabllsh rhau polnu at which Ehe dimi.nucion of
flow au che spring eLce is ltkely to have been caused by che
Co-op'  s nlnLng operacLons.

5. In Ehe event rhac there te a good falch dtspute
beEween the partles herero shecher or not Co-op's ml.ning
aeclvlcles are the cause of a dtnlntshed flow or guaricy Ln

Big Bear Creek Sprlng, Ehe percles shall cooperaEe in

taklng lmrediaEe correctlve mealrures reasonably necessary co
rescore seld f low or qual t ty of  wacer.  Each parEy shal l
bear one-hal f  of  che cosc chereof,  provided chac i f  ic  can
lacer be ehohn thar eald ol.ning actlvlrLes were nor E€-
aponslble for saLd dlulnurlon in flow or qualiEy, cluy shall
reiuburse Co-op wlthln a reasonable Eime frou such showing

for Co-oprs cosEe already paid pursuanc Eo thts paragraph

and Co-op ehall noE be obllgaced co pay any addtrional costg

of che correcElve measures noE yec pald ag Ehe e,ime of such

ehowlng. FurEher, ff lc can be lacer shown char satd

uinlng rcElvlE,teo were responslble tot said dlninuuion ln

flow or quality, Co-op shalt reLmburse Ctty wtchln I r€BSon-
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able t ime for Clcyts cosus already patd pursuanE to thts

AgreeoenE.

6. In the cvenE of good fatth dispuce batwctn BhG

parBles ae Co the cauae of any dlmtnution in flow or qualtey

of sald Spr lng,  the pirules agree Eo eppolnc an arbi t raEton

comnlutee and. to be bound by the decislon of sald conuniccee.

TtrLs comrlEEee shal l  consisc of  f  ive menbers:  one Co-op

rbpresentaBlve, one Ctty r€prcsenUaEl.ve,  and fhree rcpresen-

Eaulves chosen by Che oCher EIflo members, The arbicraCton

comnlt,Eee ehall iunrediarely meet and wlrhln 30 days make e

prelintnary dectsLon as Eo che cauee of any dintnucion Ln

flow or guallcy of sald Sprtng whtch prellurlnary dccision

shall blnd Che parrl.es unti l the comrnicEee has had cLrre Eo

make a fult invesrtgetlon and rcach a final dcci.sion.

NoChing ln Ehis Agreeucnt slrall be construcd as dcpriving

elcher paruy of  a r ighc of  acr ion againsE any oEher ror-

partl.er lncludLng any Lnsurance co$Pany iesuing ineurance

pursuanE Eo paraglaPh t hereof.

7. In che evenE any ocher urining oPeration or oEher

acClvi ty of  any other Person or ent l ty is ProPosed or planned

ln the aree which uay affecU the flow of che Big Bear Creek

SprLng, Ctty wilL ,require such Person or encicy Eo sign atr

sgr€erant siollar co thte Agreemene, btndtng such other

parson or enEiEy Eo bear resPonsibil i fy for any adverse

effect  such ogher person's or enCityrs act iv lCies may have

upon Che flow or qualtty of raid Spring.. In Ehe event any '

dtnlnuston in the flow or gualiuy of rhe Spring uay be

aceributable go Ehe''actlvlCies of any Person Or encicy orher

Chan'Co-op, Co-op ehatt have the righC to esCabltsh the same

Eo Clcy'e reasonable sacLsfacc,ion and chereby shall be

enttCled to relnbursement by CiCy wtchln a reasonable tine

from suCh egCablishmenc for reasonable costs incurred by

Co-op for correcttve 36fion reguired rrnder chis Agreernent Eo

Bhe exteaE tE Ls established ghat such oEher Pereon or

encigy'is responsible for the dininlshed flow or quallEy.

In thae eveng Ctty agrees Eo look Eo 6uch ocher Person or

enElgy for euCh correcgive accion .rs tC deeus necessary.

8. Ttrls AgreemenE shall ternlnage and Co-op shalt have

no furcber obllgaEion hereunder wlch respecE co any dininucton of f low

of Btg Bear Creek Spring, one year afCer fhe final Ee1.urina-

t ion of  CO-op'g Or IES successors in inCeresEs'  u in ing

actlvLt)t i$ Bear CanYon.

9. In order to assure perfor$ance on ltr patf Of the

COVenaoEe of Ehis AgreemenE, Co-oP agrees Eo insure Che Ctty

tn an amunE noE less chan Three Hundred Ttrousand ($300.000)

Dollarg nlCh a comPany accePtable Go CIry whtch insurance

poltcy uEy be tha saee policy as ls rcqutred by Sccclon /r0-

10-10(5) Ucah Code turnocated.
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,bp .:; ; il' ;;::#:;, :;I;.;,";;i,',,,""i"i".".,",,
agrecs Eo pay al' l '  coscs thcrcof , includl.ng che reasonable

aEEorney'e fees of  rhe prevai l ing parry,

l l. Ttrts Agreement ehall covcr che proposed nlntng

operation on Ehe Six Hundred Eighty (680) acres covered by

and descrLbed' in Cause No. ACT 015-025, before che Utah

Board of 0t1, Ges and Mtnlng, Deparcment of Nacural Resources.

L2. Ae s condlElon to encering inco che foregolng

Agrcemcnt, the Ctty agreos that it wil l withdras iu,s proE.rc

Lu Cause No, ACT - 015-025 before che Board of OiI, Gas and

t{lnLng. DaparEn€nc of NaEuraI Resources of che Scare of

Ucah, and slso tc atrees that lg rl i l l  noE protest rhe propos-

ed ulnint operacLon 6n che tbe Slx Hundred Eighcy (680)

acreo as h€retofore fi led as a uining plsn wigh Ehe Board of

O11, Gas and Mlnhg, Deparcmcnc of Natural Resources of che

Scatc of  Utah, oE proteEE Ehe issuance by Eroery Councy of

sn5r nccessaFy building permits or approvals for Co-op'e

otntng operatLons ln Bear Canyon.

13. The Ctty hereby speci f ical ly 
"cferves 

l te r ighce

Eo procest any end all other legel remedter on ell orher

utnlng plane or propoeals on land not included ln the

aereage covered by chle Agreenenc.

L4. Co-op agrees Ehat the Eransfer or assignment of

che preulses affecting said Spring or thle AgreemenE shatl

nOf release Co-op frou, any obllgatlone in Ehis AgreemenE ''

unlees Huntlngton Cicy hae in wricing consenced to said

release, which consenu shall noc be unreasonably wfthheld.

15. Tlre parcles shall not assign chetr obligacl.ons or

rlghua rnder thte Agreemenr, wtrhouc rhe mucual consent of

aach orher.

15. IE ls agreed by Ehe partLes that rhls Agreernent

appl les to and blndg trhe helrs,  execuEors,  adninlsEracors,

succeseorr  and asslgne of  the respect lve parctes hereco.

IN I|ITNESS llllEREOF, the sald parcles Eo chis Agreenenc

heva here trrrto afftxed Ehelr s{.gnatures, che d"y and year

flrst above wrlEten' '

c0-0P

By

A?fESf : c .0 .P . ,  rNc .

. "  ' ' ' r 1 'a .

"V

By

-4-
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SECTION I

In conjunction with the redesign of sedimentation pond "A" of the Bear Creek Canyon Mine site,

various in place and laboratory soil tests were performed. Using the parameters obtained from

these tests, slope stability analysis were performed to confirm the stability of the 2H:IV interior

slope and determine a stable angle for the exterior slope.

SECTION II CONSTRUCTION

On September 29, 1983, I visited the site in conjunction with Wendell Owen of the Co-Op and

reviewed in detail the provisions taken at the site during construction. I also reviewed with Mr.

Owen the construction procedures which enabled me to determine how the embankment was

constructed to its present slope.



SECTION III MATERIAL TESTING

While at the site, using a Troxler 3411B nuclear density gauge, I determined the in-place density

of the embankment material. I also obtained moisture density samples and samples of the

embankment material, which I returned to the lab for additional testing. The results of these in-

place determinations indicate that the average in-place density of the material varied from 89%

to 94Yo of the laboratory obtained T-99 standard proctor.

I submiued a sample of the embankment material to Chen and Associates, a consulting

soil and foundation engineering firm, to determine the relationship of the loading to shear stress,

and to determine the internal cohesion. These results are included in the Appendix. The material

gradation results are also included in the Appendix. The gradation results indicated that the

material is free draining confirming the on site tests.



SECTION IV OCCURRENCE OF GROUND WATER

The results of the gradation analysis indicate that the material is free draining. This was further

observed at the site through reviewing the existing material in place and performing percolation

tests in the embankment. Because of the geology of the mine plan area the embankment is not

effected by ground water, but for purposes of analysis the soil was assumed saturated by the

water occasionally held in the pond. This assumed extent of saturation provides for conservative

results.



SECTION V FACTOR OF SAFETY

A computer model was constructed to analyze the stability of the embankment and the following

conditions were assumed.

l. The soil below the maximum water elevation on the interior slope to the toe of the

exterior slope (soil #2) was assumed saturated.

2. In-place soil density of 1 18 pounds per cubic foot.

2H:IV angles were used for both interior and exterior slopes.

A computer simulation was then applied to this situation to determine various failure

planes. The "Method of Slices" is the basis for the modified Bishop method computer program.

Various failure planes were investigated to determine a minimum factor of safety. The results of

these computer runs and a copy of the computer listing is attached in the Appendix. The results

of these computer simulations indicate that the minimum factor of safety with a .1 g earthquake

loading is 3.8 for the interior slope and2.8 for the exterior slope at the point of maximum length.



SECTION VI CONCLUSIONS

In conclusion the sedimentation pond "A" embankment as now existing is:

1. Free draining.

2. No water was encountered in test holes dug in embankments.

3. No movement of the embankment has been detected.

4. The computer simulation on failure planes indicates that the factor of safety is at

least 2.8 with a 0.1 g earthquake loading for 2H:IV slopes for both the interior and

exterior of the embankment.



APPENDIX



TIIII ENGINEERS
Nomr

( ;- , ,  M,J€,
No.

FFI ccf

rO'orgtta No #7
Stot lon or  P l l
Rcqu l r l ed  by

L  oc  o t l on
+ Lv/

d dr',

rl,f'

3/+'

t l  ? '

, / g t "

#4

Or

Lton

r -  t r

WrL*
-{3 4

OY'- , v t  
w t

WASHED GRADATION
25OO Gt*{, ORY

AFTER CRUSHING
SAMPLE I

Screcn
S l r e

t8

t lo

t16,

, ? Q

r30

# 4 0

#50

r lm

. f  zoo
'oial Wt (  sE6b

7 " t ' -

rer?cd bt 1'j?'", i ' L{r""t-'.:- - ..

MOISTURE OETERMINATION

t { t  bcfore'woihlnq --
wr.ofrer ' lr. ltr"a 

TL* ro:
I

I

AS RECEIVED GRADATION

s PECS.W e l g h l Pcrc  rn t
R r r  o l n  cd

Prcrn t
P o s r l n

S c r c c n
S i z c

I r  32.  i

Pcrcertr | Totot %
Posr lnq I  Possin

s PECs.Wcight I Perccnr
Reto incd  I  Rero lncd

Conto iner  I  Wal
Soil  Weiq nt ( Ern )

Conto iner  I  DrY
Soil Wclghr (qrn.l

HZO Lo rr

'h Motsture',5'-./ r I

AAS.H.  O
C l o  s s l f  l c o t l o n

a), | ''':
r  i ' Y

;
J t I



Iilll ENCirt-rERS
Norne / ,8  M:J l

No.
Dorr iQ i  c,  i  g-^rcJ esf

Q:T.No > l
Stot lon or  P l t
Rcqu l r t cd  by

, ,  1 ,d r  ,T  
_ td_4

AS RECEIVEO GRAOATION

S c r e o n
S i z  c

Wci  gh t
(o  I

Pcrccn l
R r t  o f  n  c d

Pcrcrnt
P or r l  no

S PECS.

3 '

t
l ' o loo%

3/4' bt_,: f, ?. lfJ -l

.  ) ' ( -

t /  ? ' ( r r " .
t r .  I

t r ?

#4 ?. 6t
, J '  t  . l 7L,i

Wct
4 -tZtt-t"

OLY' 1t s4.4 4 a
l q '

I Totol
I  Dry

wt
A t ?  :  d j
r l t a  -  a  '  I

)ATION AF'
3l't DRY SA

wAsHED GRA
(?ffi

IER CRUSHING
MPLE )

Scre en
S t r c

Wcig hr
R e to fncd

Pcrcent
Rcto f n ed

Perccra
-  PosslnE

Tolc | 'L

Possing
S P E C S . MOISTURE OETERMIJYATIO.

*8 r -  -

I  L t o - i
q< ql ,5 tg.u - #  1

#to 31.t' 7-t' g{lJ r b.g
Conloiner A \Yal
S o i l  W e i s t r t  ( g m )

, 1 6 ILl.-! 8.L a)g tu.v
Conto iner  & Dry

Soll Welqtt? (qrn.)

t?o T,- l 5,+ 15,5 |  1.8 HZO Lo  s :

rt 30 b:.+ 4,1 1 t.+ t3.g t  Motr lure

i t40 b1 . l  
- +,4 ubn l3 . l

AAS.H.  O
C l o  t r  l t l c  c  I  l o n

#50 q1 3 b,+ bc.i tz.3
, , 8

t";
'r 

? L..'.
t + r -

22.,_ 3t 4- l l .r
I  t 1  ,
l l - ' v

' o 3rJ : 1,D
- t20o/

451.D u,i c Wl. belore
Wt cf  ter

' 
woihlng -

worh lng

coPlEs  TO:Io?ot Wt |  4$' l  .1
' . 4  - -

|  . i .(nr



Cxrx AHD AssoctATtj
Cnr.rltttn E"glnrer

Soll a{ Fqrrdotlcr Erainering

a
I

a
b

t
-
t
I
I
I
I
I

,

I
I
I

I r U l t t - ' d n
t r . r 3 ? l a  0 t  t . r

Ctlt 1tatatat tl lLt -.^.fftcl

orlv3L 25

Lr { i l r , l c  L l r fT

GRASATIOH TEST RESULTS

i  r^ro 3? * t lLt A"o SLAY

*  t L A . ? t c t ? Y  t r o C r

38o t,

}j
b

t
r|
3
It
I

tr
a
J
a

D-
a
I
a
C

D

3
c

COtrlPACTfOt{ TEST

rG." t.octorrrt Asff D-698

Clayqy Sard ard Gravel
oc  t? r

RESULTS

lbtlrod Cg,9r,^C?lA

t tArtLS 0?

7  rOJ

rOr r t l . r r t  -  ?3 tCGx?  O l  O tv  wC lOf .?

E. -  - . * -  - . . . ' . .  124.3
-n-- -.r. a-rr'- 10. {
r-at:a.3

aaaaraa F.a.t ' t

r O r l t U l t  r  f r r  t t r f t ? "  3 U . t t t

1525284



T E S T  N U I 1 S T R I 2 l Ir

L0CAT r 0x

t {E IGHT-  l } tcH .75 .75 . 75

D I A,,T TE R. I HCI{ 1.925 1 .925 1 .925

YATER COHTEHT ' I 10.0 10 .0 10 .0

ORY OEHSITY -  pc f 117 .8 l l7 .  g 117,8

C0llSOL. L0AD - lcr f 2.0 4 .0 5 .0

H0R|{AL L0A0 o krf 2.0 { .0 5 .0

S H E A R  S T R E S S  o  k s f 1 .8 3.0 4 .0

\ , ,  n  L IY  A l l  U

Consu l  t i ng  So i  I  ond

F T J ) \ J L  I A  I  L >

Foundo l ion  Eng ineers

S

t
J

I

I
tr
g2
(9

ll

L
a
o

E
6

I

TYPE OF SPECIT{EN

s0 tL  0EScRtPT l0 r l

TYPE OF TEST

Rqplded F 95t Std.E!'octoq Den.

Clayey Sard ard Gravel

. Consol idateQ:Undra inqd

Saturated

-Strain Fate 0.02 in/see

0.1  0 .2
Hor I  zonte |  0 l  sp I  acerncn t

(  l n c h e s  I

TAN 6

,

COHESI0H  '  k s f

29"

0 .7

S

I4
I

t^
rt
e
b
e
vl

;2
o

E
rJ.l

4 6

Norrnr l  St rcs i  i r  kr f

OIRECT SHEAR TEST RESULTS

t

-r'
,(

I
L / \ 29

-l

r
)

/

A

152528{



oll'lllffsi-?H: 7 /  17. '93

: jLr:rFE STfi i :  ILiTT i i i ' i i iLTii i

f o r

C O - O P  } I I N E  S L O P E  S T H B I L I T Y  + I  S E D T H E } I T  P O I { D  R

a

D F T S  F I L E :

P R O J E U T  N U I ' I B E R :

b y :

' cPsLoR:  T  t  + '

8309-42

EGN



t IRTER UN I  T  l ' lE  I  6HT -  62 .  40 I'r*zri or S lo P'
P O I N T

^-. t

U2
t3

4
5
b

7

S L I C E
I

-z
v3

t q
5
6
?
8
9

r0
t t
L 2

L I N €  L E F T  R I G H T  S O I L
I t az
2232
3362
46V2
534 t
6451
7551

X - O R D
g .  B B

l 0 0 . g g
t t 5 . g 0
t  1 8 .  0 0
I  2 7 .  A g
t  5 6 .  8 8
2 B B .  8 g

Y . O R D
8 7 .  A g
8 7 .  g 0
9 9 .  9 0
9 6 .  0 8
9 € .  e B
8 t . 5 9
8 1 . 5 9

I H C L I N R T I O N
- 4 1 . 3
- 2 9 .  I
- 1 8 . 3

- 8 . 2
1 . 7

l l . 5
2 t  . 9
3 3 ,  I
4 6 .  g
5 8 .  I
? t . g
9 3 .  5

I H I T I R L
1 .  g e 9 g
4 .  3 8 5 9
4 .  5 5 7 8
4 . 5 6 5 9

4 .  5 ?

SOIL
t
a
L

C I RCLE

I.IE I GHT
2 5 5 .  I
6 7 9  , 6
9 9 4 .  5

1 2 4 8 . 5
l 4 4 l  .  I
1 5 7 3 . 8
1 6 4 2 . 9
1 6 3 5 . 9
1 5 2 7  . 4

7 0 2 . 7
5 5 5 .  I

5 9 . e

T  T E R N T  I  O N
I
?
3
4

F R C T O R  0 F  S R F E T Y =
E f , R T H O U F K E =  . 1 0

UNIT  t , IE IGHT
I  l e
r  19

X - 0 R D  Y - 0 R t f
1 0 8 .  I  9 ' + .  0

C O H E S  I  O N
7gg
764

R F I T , I U S  F f , C T O R  O F  S R F E T Y
1 8 .  g  - 1 .  5 7

g

29
29

9 R T U R R T E D
H O

Y E 9

COHES I  ON
7 A A

,  ? 9 6
766
7gs
7 g g
798
7s6
746
7 g g
? 6 A
7 g g
7 g a

T.I I DTH
1 . 7
1 . 7
L . 7
[ . 7
1 . 7
1 , 7
1 , 7
1 . 7
1 . 7

. 9

. 9

. 2

EFF l . IE I  GHT
1 2 9 . 3
3 1 5 .  4
4 6 7  . 8
3 8 7  . 2
6 7 7  . 7
7 4 9 . L
7 7 2 ,  6
7 6 9 . 8
7 1 8 . 3
3 5 2 .  A
3 2 5 .  I

5 9 .  5

g

2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
? 9
2 9
? ?
2 9

x
1 4 1 . 4
l a3 .?
1 6 4  . 9
1 6 € .  5
1 6 8 .  3
1 1 0 . 9
l l l . 7
1 1 3 . 4
1 1 5 . 1
1 1 5 . 5
1 1 7 . 4
1 r 7 . 9

CRLCULf,TEI I
4 ,  3 8 3 9
I  .3379
4 .  5 6 5 9
4 .  5 6 7 {

R T  [ r l B g  f =  9 4  f t r 1 6

o
i



I { R T E R  U H  I  T  H E  t  6 H l  r  5 2 .  4 0

P O I N T  X . O R D
I  0 , 0 0
2  1 0 0 .  g g
3  t t 6 . B 0
4  t l 8 . 0 g
5  I  e 7 . 0 9
6  1 5 5 ,  g 0
7  2 0 1 3 .  0 8

Y . O R D
9 7 .  g g
8 7 .  g g
9 5 .  A B
9 6 .  0 0
9 6 .  g 0
8 1 . 5 9
g l . 5 9

UHTT I . IE IGHT
r l 8
I  t 8

S O I L
-,
A

2
2
?
I
I
I

coH Es I 0| l
7 g g
7 g g

Sf iTURRTED
HO

Y E S

S O I L
I
?

C  I R C L S

L I C E
I
2
3
4

5
6
7
I
9

t 0
l 1
L 2

L I N E  L E F T  R I C H T
I t 2
? 2 3
3 3 6
4 5 7
5 3 4
5 4 5
7 5 6

o
29
2 9

X-ORB
t  t 0 . 8

1.IE T GH?
I t 9 . 8
327. l
q97 .2
5 3 3 .  e
738 .  4
8 t 0 . 3
8 4 6 . 8
812 .6
5 7 1 ,  3
5 1 4 .  I
123.2

9 4 .  5

Y-ORD
9 8 .  g

T } I C L I N H T I O N
- 2 5 .  5
- 1 7 , 9

- 9 .  6
- 1 . 6

6 . 5
1 4 .  5
23 .  L
3 2 ,  I
4 4 .  5
4 8 .  g
5 9 .  6
7 2 . 3

I N I T T R L
l .  e g S g
4  . 9 4 6 2
5 ,  5 5 5  1
5 . 7 9 9 5

5 . 7 1

coHEs I  0H
?gs'  
?ga
7gs
7gq
7as
7AA
7ga
7ga
7ga
?gg
7so
7Ae

R R D I U S  F r r 0 r O R  0 F  S f i F E T Y
L A . o  5 . 7 1

s

o
I { I DT H

. 4

. 4

. 4
t . 4
1 . 4
1 . 4
1 . 4
1 . 4
t . g
l . a
t , l

. 7

EFF I. IE I GI{T
5 6 .  3

t  5 3 . 8
2 3 3 .  I
2 9 8 .  t
3 4 7  . 2
3 8 1 ,  t
3 g g  . 2
3 9 5 .  s
2 9 4 .  8
324. Z
3 3 1  . 7

9 4 .  5

g

1 '

29
29
29
29
29
29
29
29
29
29
29

X
i 6 5 . 5
t  8 6 . 9
1 9 8 .  3
r 4 9 . 7
l l l . l
1 1 2 . 5
1 1 3 . 9
I 1 5 . 3
t  1 5 . 5
I t 7 , 5
I 1 8 . 6
1 1 9 . 5

T TERHT I OH

F F C T 0 R  0 F  S f i F E T Y =
E R R T H O U B K E T  .  l B

CRLCULHTED
4  .9462
5 . 6 6 5  I
5 ,  7 6 8 5
5 . 7 1 8 8

F T  [ =  l f g  l =  9 E  f t r

I
2
3
4

I B

o
t



P O T N T
I
2
3
1
5
6
7

o
I

l , l R T E R  U N I T  l l E l G H T I

X-ORD
g .  00

I  00 .  g0
t t 6 .g0
t  18 .  e0
l?7  .  gg
t  55 .  go
400 .  aa

5 2 . 4 9

Y . O R  D
8 7 .  8 0
8 7 . A 9
9 5 . 0 0
9 5 . 0 0
9 6 .  A g
8 1 . 5 9
8 1 . 5 9

T H C L I H R T I O H
- 7 . Q
- 1 . 5

4 . 1
9 . 5

1 5 .  3
2 1 .  I
2 7 . 2
3 3 .  6
4 9 .  6
4 8 .  {
5 7 .  I

L I H E  L E F T  R I G H T  S O I L
1 r22
2232
3352
4572
5341
6 {51
7s5 l

S O  I L
t
I

2

C I RCLE

IfE I GHT
3 5 ,  5
9 9 . 5

t 5 6 . 9
192 .6
223.2
212 .  g
2 1 7 . 7
2 3 8 .  3
? lo .  +
ls8 .g

6 8 . 2

I  TERFTI  OH
I
2
3
4

F R C T 0 R  0 F  S R F E T Y =
Ef ,RTHOURKE.  .  I  O

U H I T  I , I E I G H T
I  l 8
I  l 8

X - O R D  Y - O R D
L Q l  . g  9 8 . 0

C O H E S  I O N
7 B g
7 g g

RRI I  I  US F f iCTOR OF
1 0 .  a  1 0 .  t 4

COHES I  ON
7 g g
7Ag
?ga
7ga
7ss
70a
7gg
7gg
?ss
7AO
786

S R T U R R T  E D
N O

Y E S

SRF ET Y

6
29
?9

o
29
29
29
29
29
29
29
29
29
29
29

S L I C E
^-. t
r2- 3

, 4

t
Y

5
7
I
9

ta
t t

I.I I DTH
t .e
[ . 0
l . g
1 . 6
[ . 9
1 . 9
l . g
l . a
l . g
l . g
t . g

EFF I. IE I GHT
1 6 .  7
{ 6 .  3
? L . g
9 9 . 6

1 0 5 .  6
I 1 3 . 8
1 1 5 . 5
1 1 2 . 1
9 9 . 6
7 4 . 3
3 2 .  t

x
192 .8
103 .7
1 8 4  . 7
1 0 5 .  7
1 9 5 .  5
1 0 7 .  5
t 0 € . 6
[ 9 9 . 5
1 1 9 . 5
t l l . s
t  l e .  4 .

I N I T I R L
L.  AAgg
8 .  2 ? l  4

t e . 0 5 5 3
1 0 . 1 3 4 0

1 0 ,  t 4

CRLCULRTED
g  . 2 2 L  4

I  9 .  e 6 5 3
1 0 .  l 3 4 g
t 0 .  t 3 6 l

RT f iT 194  f -  98  f t= 1 A

o
I



o
I | R T E R  U t f t T  l l E t C H ? r  6 ? . 4 0

P O I N T  X . O R D  Y - O R D
[  0 . 6 0  8 7 . 0 0
2  t g a . g g  g 7 . g e
3  t l 6 . e e  9 5 , 0 e
1  l  l  g .  g e  9 6 . 9 0
5  t e 7 . 8 g  9 6 .  g 6
6  1 5 5 .  A A  8 l , 5 0
?  2 g 0 . g a  8 1 . 5 0

L T N E  L S F T  R I G H T  S O I L
t r 22
?232
3352
{572
534 t
5451
7561

SOIL
t
2

C I RCLE

UHIT  } IE IGHT
I  r 8
I  l 8

X - O R D  Y - O R D
1 0 9 .  g  9 8 .  a

COHE9 I ON
7ga
7go

O SRTURRTED
29 H0
2 9  Y E S

R R D I U S  F f i C T O R  O F  S B F E T Y
1 5 .  0  3 .  9 4

S L I C E
. - 1
r2
! 7 3

I
, 5

5
7
I
9

l 0
1 1
L ?

l'tE I Gt{?
7 4 .  3

5 3 2 . 5
124 i .7
1 7 { e . 2
2 1 4 5 ,  I
2 4 4 6 . 9
2 5 5 3 . 4
2756. 6
2490.  4
2 6 3 9 .  I
I  7 3 8 .  B

2 9 9 .  5

I  TERFT I  OH
1
?
3
4

F R C T O R  0 F  S F F E T Y =
E R R T H O U R K E '  .  l 8

I N C L I H F T I O N
- 3 9 .  9
- 3 L  . 7
- 2 1 . 9
' L 2 . 7

- 3 ,  8
4 . 9

1 3 , 8
23.  t
32.3
43 .5
ug .  6
73 .7

IH IT IHL
1 .00e6
3 .6937
3 .  929  I
3 .  9432

3 .  94

C O H E S  I  O  H
7 A A
? d g
7 g g
7 g g
7go
7sa
7sg
7 g g
7gg
?ea
7eg
7gs

I.I I DTH
t .2
2 .3
2 .3
2 .3
2 .3
2 .3
2 .3
2 .3
2 ,9
? .5
2 .5

.9

EFF I.IE I GI+T
3 4 .  g

2 9 7  , 4
3 e 7 . ?
8 2 2 . 2

t  6 6 8 .  I
t l 5 a . 8
1247 .  E
I  2 9 6 .  4
I  2 3 3 .  4
t  s 5 9 .  2

'  1277 . 1,
2 0 9 ,  5

o
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
29
29

x
9 9 . 4

1 0 1 . 1
1 0 3 .  4
1 9 5 .  7
l 6 9 .  I
[ 1 6 . 3
I  L 2 . 6
t 1 4 . 9
1 1 7 . A
1 1 9 . 3
1 2 1 . 8
1 2 3 .  +

CRLCULRTED
3 . 6 9 3 7
3 .  g 2 g  t
3 .  9 4 3 ?
3 . 9 4 4 0

RT } (=  lg9  f=  98  f t - l 5

o
I



t f f i T E R  U N I T  t J E I G H T r  6 2 . q O

X - O R D '  Y - O R D
g .  g g  9 7 .  g 0

t 0 e . g B  8 7 . 0 €
I  1 6 . 9 0  9 5 . 9 €
l l 8 . g 0  9 5 , a 8
1 2 7  . g g  9 6 .  B g
1 5 6 , 8 g  8 1 , 5 9
2 g g . g g  8 1 . 5 8

E  L E F T  R T 6

-In*"ricrr S l"p.
O I NT

t
2
3
I

5
6
7

H T  S O I L
22
3?
52
72
41
5 l
6r

I
2
3
5
3'1

5

L I N
t
2
3
4
5
6
?

S O I L
t
l

2

C T RCLE

U N I T  l . I E I G H T
t  r8
t t 8

X - O R D  Y - O R D
1 9 6 .  g  9 4 .  A

COH ES I OH
7sg
796

O  S F T U R H T E D
? 9  H 0
? 9  Y E S

R H D I U S  F E C T O R  O F  S E F E T Y
l s . 6  4 . g g

S L T C E
I r
- 2

3
4
5
6
7
I
9

t g
1 t
L 2
r3

T.IE I GH T
5 4 9 .  4

1 2 8 3 ,  +
1 7 5 5 .  5
2 4 9 8 .  5
3 0 9 9 .  3
3 J 5 5 .  5
3 9 5 1 . 2
4 0 9 4  ,  5
3 9 5 9 .  6
2756 .  L
I  6 8 0 .  5
1  1 7 8 .  t

4 9 .  g

I N E L I H R T I O N
- 5 4 .  2
- 4 9 . 2
- 2 8 .  g
- 1 8 . 2

- 7 , ?
^ ,
l t Q

1 2 .  9
23 .7
3 5 .  5
4 7  . 5
s 8 .  4
7 3 .  g
9 4 .  9

I X T T I N L
l  .  ggog
5 .  0 2 g a
4 . l t 4 a
4 .  0 g g g

4 .  g g

coHEs I oN
7AA' 
7AO
? g g
7gg
7Ag
7As
7sg
?aa

.  7gg
7go
7sa
?ss
7eg

}I I DTH
2 .1
2 .4
2 .1
2 .7
2 .7
2 .7
2 .7
2 .7
2 .7
2 .9
1 .4
1 .4

. 1

EFF I.IE I GHT
2 5 8 .  4
5 0 3 .  5
8 2 3 . 7

1 1 7 9 . 4
1 4 5 7 .  5
1 6 ? 2 .  L
l g l 5 . g
I  g g 3 .  3
1 8 5 7 . 9
1 4 8 9 , 7
9 5  1 . 8
7 6 9 . 7

4 2 .  6

a
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
29
29
2 9
2 9

x
9 3 .  9
9 6 ,  4
9 8 ,  g

t 9 1 . 3
1 6 4 .  A
1 4 6 . 7
1 0 9 .  3
t l 2 .e
1 1 4 . 7
I t 7 . A
1 1 8 . 7
l za .  L
1 2 9 . 9

I  TERHT I  OH
I
2
3
4

F R C T O R  O F  S F F E T Y -
E f i R T H O U B K E .  . 1 9

CRL CULNTED
5 .  8 2 9 0
4 .  I  1 4 0
4 ,  A g g g
4 , aggz

A T  [ r  1 8 6  f r  9 q  R - l 5

o
I



I . IR  TER UH I  T  I . IE  I  GHT r  6 i .  4 t1

-O INT
I t l

2
/ 3

4
q
v

6
7

x-0RI r
0 .  g g

I  B B .  8 G
I  1 6 .  0 0
l l g , B €
I  4 7 .  g g
I  5 6 .  B g
2 0 9 .  8 E r

).:-0RIr
1 4 5 .  8

I.IE I GHT
3 . 3

r9z. 2
4 5 6 .  4
672 .  6
9 5 8 .  3
9 8 3 ,  6

1 0 6 9 . 7
I  1 6 3 .  5
ra?  6  ,2
g ? 4 .  g
{ 5 7 .  I
3 5 8 .  3

9 3 .  I
g g  . 2

Y . O R D
8 7 . 0 4
9 7 .  B 0
9 5 .  B g
9 € .  g a
9 6 .  B 0
8 t . 5 9
8 1  . 5 6

R I G H T
z
3
-
b

7

SOIL
2
I

2
?
1
I
I

4
5
6

L I N E  L E F T
l l
2 2
3 3
4 5
5 3
6 4
7 5

S O I L
I
I

C I RCLE

S L  T  E E
I r
- Z

3
, 4

5
6
7
g
9

1 0'  
1 l
L 2
1 3
1 4

U N I T  U E I 6 H T
I  t 8
1 1 8

COHE S I OI{
7gs
7Ag

Sf iTURRTED
N O

Y E 9

g

29
?9

Y-OR D
l B l . 0

RHD I US
1 5 . 9

F N C T O R  O F  S R F E T Y
4 .  g 0

I N E L I H R T I O N
- ? O . 3
- 1 5 . 9

- 9 .  €
- 2 .  L

4 . 7
l l . 5
1 9 .  5
? 6 .  g
3 3 .  I
4 2 . 6
5 9 .  I
5 6 .  6
6 1 . 5
6 6 .  I

I N I T I N L
I  .  0 0 6 9
4 .  l g 3 0
4 . 8 5 l g
4 .  8 9 6 4

4  . 9 6

C O H E S I O H
,  7 g g

700
709
7Qg
7 g s
7sg
? g g
7 g g
7gs
7dg
7 g a
7gg
7gg
7AA

II I  DTH
. 4

1 . 8
1 , 9
1 , 8
t , 8
[ . 8
1 , 8
1 . 8
t . E
1 . 8
1 . 9
1 . 9

. 4
, 8

EFF I, IE I GHT
1 . 5

8 5 , 7
2 1 1 . 9
3 1 6 . 3
4 g g . g
1 6 2 . 6
sa3.  0
519 .0
596 .  I
4 5 5 .  5
2 4 1 . 1
2 4 6  , 9

9 4 .  3
8 9  . 2

a
2<J
29
29
29
29
29
29
29
29
29
29
29
29
29

x
9 9 .  g

1 B B .  9
lg2 ,  7
1 6 4 .  4
1 9 6 . 2
1 8 8 .  g
t 4 9 . 8
1 1 1 . 6
I 1 3 . 3

1 5 . 1
1 5 .  5
1 7 .  5

1 1 8 . 2
1 1 8 . 8

. T T E R f i T I O N

1
?
3
4

FRCT0R 0F S f iFETY.
E R R T H O U H K E -  .  I  0

CALCULR TE D
4 .  t 8 3 B
4 . g S l g
4 .  9 9 6 4
4 .  g g g a

/

F T  l r 1 6 5  f r  f g t  f t : r r3



I.IRT E R I{E I  GHT- 62 ,  a6

-  P O I N T
- l
va

3
4

5
6
7

S O I L
I

?,

a

C I RCLE

S L I C E

x -0RI !
g .  g 0

I  0 0 .  g g
I  1 5 .  0 0
I  1 8 .  B O
127 ,  gg
I  5 6 .  g g
2 0 9 ,  g g

l, lE I GHT
1 5 3 ,  5
122.  A
6 1 1 , 7
9 t 3 . 8
9 3 7  . 2

lgg8 .  I
l  B 2 g ,  4

9 6 9  . 7
4 6 6 . 7
3 9 8 .  2
2 1 J . 7
1 2 4 .  5

Y-OR D
9 7 .  B 0
9 7 . 0 0
9 5 ,  0 0
9 5 .  g g
9 E . g g
g l . 5 g
8 1 . 5 0

I H C L I H R T I O N
- L 4 . 2

- 7 . 1
- .  t
6 . 9

1 4 .  B
2 1 . 3
2 9 .  I
3 7 . 4
4 4 .  5
5 9 .  I
5 5 .  5
5 2 .  3

I N I T I R L
|  .  g g g 6
4 .  4326
5 .  l 5 7 g
s  . 2 L 2 7

5 . 2 2

COHES I ON
7 g g
798

B T  $ r

L I H E  L E F T  R I G H T  S O I L
t 1 2 2
2 2 3 2
3 3 6 2
4 6 7 2
5 3 4 1
5 4 5 1
7 5 6 t

U N I T  I . I E I G H T
1 r 8
t l B

X-ORD Y.ORTI
t a 6 . g  L a 2 . g

O SRTURRTEI,
?9  N0
? 9  Y E S

R f i D I U S  F H C T O R  O F  S R F E T Y
I  5 .  0  3 , 2 2

ol
coHEs t  0H

796
'  786

7es
70a
7g€
7so
7 g g
7 g g
7ea
7go
7 A A
7gg

I{ I DTH
1 . 8
1 . 8
l . B
1 . 8
1 . 8
t . 8
t . 8
1 . 8
t ,a
1 . 8

. 7
t .e

CFLCULRTED
4 . 4 3 2 6
5 . 1 6 7 9
3 . 2 L 2 ?
5 . 2 1 5 1

105 fc  lg2 f t=

EFF t . IE I  CHT
7 2 .  ?

t 9 9 . 5
3 0 1 . 8
3 E 2 . 7
4 4 9 ,  9
1 7 4 , 2
1 7 9 . 9
4 5 1 .  I
2 4 5 . 5
2 6 5 . 7
l 9 4 .  t
1 2 4 .  6

o
2 9
2 9
2 9
2 9
2 9
2 9
2 9
29
2 9
?e
2 9
2 9

x
t 42 .3
l a4  . 2
l g6 .  B
l g 7  .  g

1 0 9 . 5
l l l . 4
1 1 3 . 3
1 1 5 . 1
I 1 6 . 5
1 1 7 , 5
I t 8 . 4
1 t 9 . 2

3
4
5
5
7
ts
9

r0
t l
L 2

I  TERRT I  OH
I
2
3
4

F f i C T O R  0 F  S R F E T Y =
E F R T H O U f i K E =  .  l A

t 5

o
)



I F T E R  U H  I  T  l l E  I  G H T -  6 4 .  . 0

l r \
-LtTert-or S l"p-

?'o
I N T  X . O R D
I  8 , 0 0
2  1 0 0 .  e 0
3  l 1 6 . g g
4  t 1 8 . 9 6
5  t 2 7 . g g
5  l 5 5 . B g
?  2 g g .  g a

Y - O F D
8 7 ,  8 0
8 7 .  0 g
9 5 .  8 6
9 5 .  g 8

9 6 .  0 0
8 1 . 5 0
8 1 . 5 4

T N C L I H R T T O N
- 4 3 . 3
- 3 2 .  6
- 2 1 ,  g
-  1 2 . 2

' 2 . 9

5 . 3
t 5 '  7
2 3 . 6
3 l . 8
4 2  . 7
5 5 . 4
6 4  . 2
7 9 . 3

L IHE
I
2
3
4
5
E

7

L E F  T

UN I T I. tE I GHT
r r8
1 1 8

X - O R D  Y - O R D
1 0 9 . €  l 0 B . g

C O H E S  I  O H
709
769

R H D I U S  F R C T O R  O F
2 9 . 8  3 . 7 8

coHEs I oH
7 A g
7 g o
7 A q
7sg
7go
700
7so
7ag
7EA
7 A A
7da
796
7AA

SsTURRTED
H O

Y E 5

SRF ETY

RIGHT SOIL
Z2
32
62
?2
1 l
5 l
5 l

t
2
3
6
3
.1
C

S O I L
t
a

2

C I RCLE

L T C E
I
2
3
4
5
6
7
I
9

r0
l l
r2
r3

I . IEI  GHT
5 9 1 . 0

1 4 3 7 , 2
2 4 9 =  . 2
3 3 7 5 .  3
4t37 .  I
4 7  g 3  . 9
sa?? .  E
3e59 .  4
46d2 ,  g
3 8 0 1 . 3
2 5 8 9 .  I

1 . 2
4 5 3 .  t

EFF I. IE I GHT
2 7 7  . 9
5 8 5 .  3

l 1 3 t . 2
I  5 8 7 .  4
t  9 4 5 .  5
22L2 .2
2383.7
1 6 3 5 , 9
?372 .6
2 3 8 5 .  5
?ggt . I

1 . 2
4 5 3 . 1

20

X
9 5 .  4
9 9 .  5

1 8 1 . 5
1 8 4 .  8
1 0 8 .  B
l l l . 2
t 1 { + . 4
l l 7 . a
1 1 9 . 5
l ? ?  . 3
1 2 5 .  5 .
1 2 7  , 9
1 2 7 . 7

a
?9
29

3o

I  TERfiT I OhI
t
2

FFTCT0R 0F  S f ,FETY-
E f , R T H O U F K E =  .  I O

I N I T I f , L
|  .6998
3 .  7 8 0 5

3 . 7 8  R T  [ =

I.I I DTH
3 .  t
3 .1
3 .2
3 .2
3 .2
3 .2
3 .2
2 .9
3 .0
3 .9
3 .  A

.8
1 .4

CRLC ULRT ED
3 . 7 9 9 5
3 .  7 7 8 5

1 6 9  f -  l 0 g  Q =

o
29
?e
29
29
29
29
29
?s
29
29
29
29
?9



I I R T E R  U H I T  l l E I G H T -  6 2 . 4 0

 P O  I  N T

UI
2
3
4
5
5
?

X . O R D
9 . 0 0

l o o .  g g
t  1 5 .  g B

I  1 8 .  g g

I  2 7 .  0 0
I  5 5 .  0 g
? g g  .  g 0

Y . O R D
9 7 . 0 0
9 7 .  0 0
9 5 .  g 0

9 6 .  g €

9 6 .  0 0
8 1 . 5 9
8 t . 5 9

I HCL IHHT T OH
- 1 7 . 8
- 1 4 .  t

- 7  , 4
- . 8
3 . 7

1 2 . 1
1 9 .  2
2 6 . 3
3 3 ,  4
1 0 .  g
1 6  . 7
5 5 .  I

L T H E  L E F T  R I G H T  S O I L

l l zz
223? '
3352
46?z
5341
6451
?561

o
29
?e
29
29
29
?9
29
z9
2 9
2 9
2 9
?e

S L T C E
- r
v2

3
4
5
6
7
I
9

l 6
t t
r2

S O I L
I
4
tL

C  I  R C L E

U H I T  I . I E I G H T
I  l 8
1 1 8

x - o R D  Y - o R D
1 0 6 .  a  1 9 6 . 9

coHEs I  0H
7 g g
7 B A

R R D  t  U S  F F C T O R  O F
Z g . O  4 . 4 1

COHES I  OH
7sg
7go
7 s d
7 g a
7 s g
7gg
7ga
7ga
?sg
7 A g
7 g g
7 A O

SFTURf ,TEI I
N O

Y E S

SI lFETY

a
29
2Y

I.IE I GHT
1 . 1

2 6 1 . 9
6 e 5 .  I

I  e 3 8 .  g

1 3 1 9 .  3
I  528 .  9
t 6 6 2 . 7
L 7  l ? . 5
1 4 5 1  .  5
I  9 5 5 .  5
7 1 2 . 9
3 5 3 .  9

I  TERRT I  OH
t
2
3
{

F F C T 0 R  0 F  S F F E T Y =
E f i R T H q U F K E T  .  I  I

I H I T I R L
1 .  a 6 0 a
3 ,  8 5 4 3
4 .  3 7 9  I
4 , 4 0 8 5

4 . 4 1

CRLCULf,TEII
3 . 8 6 4 3
4 . 3 7 9 L
4 .  4 A g 5
4 ,  4 1 0 9

t A 6  l r  f B 6  f t =HT )(r

tr I IITH
,2

2 .3
2 .3
2 .3
2 .3
2 .3
2 .3
2 .3
? .9
1 .7
L ,7
2 .9

EFF I , IE T GHT
' 5

1 2 3  . 2
322 .7
4 9 8 .  2
629 .  4
7 L 9 . 8
7g?. Q
8 9 5 . 4
7 9 1 . 8
7 9 1 . 8
6 1 4 . 1
3 5 3 .  9

?g

x
9 9  . 9

1 0 1 , 1
1 8 3 .  c
1 0 5 .  7
1 8 8 . e
I t a . 3
1 r 2 . 5
1 1 4 . 9
1 t 7 . 8
1 t 8 . 8
L a g . =
L 2 2 . 3

o
I



l , lRT ER UH t t  1.1€ t Gl{T r 62. 40

PO IHT  X .OPD
[  0 ,  ga
z  t 00 .09
3  I 16 .  gO
4  l l 8 . B 0
5  l 2 7 . A g
5  1 5 6 .  g 8
7  2gg .og

Y - O R D
8 ? , g B
8 7 . 0 0
9 3 . 8 9
9 5 .  g B

9 5 .  A g
8 1 . 5 9
9 1 . 5 8

Y - 0 R D
1 0 4 .  6

I H C L I N H T I O N
- 2 7  , 2
- 1 8 , 3

- 9 .  9
- 1 , 9

5 . 8
1 3 .  5
2 1 . 5
3 8 .  I
3 9 .  5
4 9 ,  I
5 5 . 4
5 3 .  g

I N I T I R L
l , ggag
4 . .  5 1 7 3
. 1 .  9 3 2 5
4 .  9 5 9  t

a .  9 5

L INE  LEFT  R IGHT SOIL
I t 22
?232
3362
4672
5341
645 t
7561

s0 tL
a
I

2

C tr RCLE

U}I I T t.IE I CHT
1 1 8
1 1 8

C O H E S  I  O N
7 A g
7 A g

S R T U R F T E D
H O

Y E S

o
29
? 9

so I
2
3
I

5
6
7
I
I

1 B
I t
L ?

L I C E

X - O R !
laz.  g

1.IE I GHT
? 6 9  . 2
66?  .8
9 9 5 .  6

1  1 4 8 ,  3
l  s3g ,  2
1 8  1 5 .  t
t9?g , E
I  9 8 5 .  5
I  8 2 5 .  4
1 t t , l . 1

162 .2
l . + 1 . 8

T TERHT I  ON
I
2
3
4

F f , C T 0 R  0 F  S R F E T Y =
E R R T H O U R K E T  .  l 0

R H D I U S  F R C T O R  O F  S f i F E T Y
z g . g  4 . 9 5

C O H E S  I  O H
7 s g
709
7 g g
?gg
7 B A
? g Q
7 A A
789
7 g a
7 g o
7sa
7e6

1,I I IITH
2 .9
2 .4
2 .8
2 .7
2 .7
? .7
z.?
2 .7
2 .?
2 .4
1 .3
l . l

EFF I. IE I GHT
L 2 6 , 6
3 l . l  .  I
4 2 6 .  4
3 4 9 .  g
7 2 3 . 9
8 5 4 .  I
926.  g
9 3 3 .  7
8 5 8 . 5
6 2 9 . 5
3 5 5 .  A
1 4 1 . 8

a
z9
29
29
29
29
29
29
29
29
29
29
29

x
9 2 . 9
9 5 .  7
9 9 .  5

1 0 1 . 3
L A 4 .  A
t B 6 .  ?
1 0 9 .  3
1 1 2 . 0
t 1 4 . 7

1 7 . 8
1 8 .  5
1 9 . 8

CRL C ULRTEI)
4 .  5 1 7 3
4 .93?3
4 .  g 5 A  t'  4 . 9 5 0 9

8 T  l -  l g 2  f r  1 0 4  f - 2 g

o



t l A T E R  U H I T  i l E I 6 H T '  6 2 . q g

P O  I  N T  X - O R D
I  g . a g
2  I  0 0 . 0 €
3  1 1 5 . 0 8
4  l 1 9 . 0 g
5  l 2 7 . g g
5  t 5 6 . 0 9
7  2gg ,  ag

Y.ORI }
9 7 . 0 0
9 7 .  g 0
9 5 .  0 0
9 5 .  g 0
9 5 ,  4 8
8 1 , 5 0
8 l  . 5 6

L E F T  R I G H T
t 2
2 3
3 6
5 7
3 4
4 5
5 6

U H I T  l I E I G H T
r  r8
r 18

Y - O R D
t 0 7 . e

S O I L
?
2
2
2
I
I
I

L I N E
I
2
3
4
5
6
7

S O I L
t
)
L

C I RCLE

S L I C E

X - O R D
l g 2 .  e

I.IE T 6HT
1 0 3 . 9
2 8 7  . 4
4 3 8 .  I
5 5 7 .  3
6 4 1  . 2
6 8 7 , 9
6 9 3  . 2
6 5 9 .  7
5 5 8 .  2
3 { - 6 . 6

J ? . ?
4 2 ,  8

R f i D I  U S
20 .  g

coHEs I  0N
7 A g
7 A g

S R T U R R T E D
N O

Y E 5

g

29
29

F R C T O R  O F  S f , F E T Y
5 .  +g

oi
INCL IHRT ION

-2 .7
2 .3
7 . 4

1 2 .  5
t 7 , 7
23 .  I
2 8 . 7
3 4  . 7
4 l . l
4 7 . g
s2.2
5 4 . 9

I H I T I R L
L  .  0 g g 6
3 . 2 9 7 3
5 . 3 4 7 3
5 ,  4 4 1 9

6 , 4 9

co l {Es I0N
766'  7AA
7s6
7 g g
7 A g
709
7 A s
7 A g
764
796
?oa
?ao

I.I I DTH
l . g
l . g
1 , 8
1 . 9
1 . 8
1 . 8
1 . 8
1 , 8
1 . 8
1 . 6

. 4

. 7

EFF I . IE  I6HT
49 .  s

r35 .2
296,  4
26? ,  I
361 .5
323 .5
326. g
305 .  0
238.7
229.6

57  . 2
42 .9

6

29
29
?9
?e
29
29
29
29
29
29
29
2,9

x
1 4 1 . 9
1 9 2 .  I
l 6 : 1  . 5
1 9 5 .  3
l g g . l
1 6 9 .  I
1 1 1 . 6
1 1 3 . 4
1 1 5 . 1
1 1 5 . 8
1 1 7 . 8
1 1 8 . 4

4
5
6
7
I
I

r0
t l
L 2

T T E R f , T I O H

FRCT0R 0F S f iFETY=
E H R T H O U R K E =  .  I  I

CRLCULFTED
5 . 2 9 7 3
5 . 3 4 7 3
6 .  4 0 1 9
5 . 4 6 4 3

f tT  } (=  Lg? f=  lg7  f= 2 g

t
2
3
4



l , lFTER UX I  T l {E I  CHT r

P O I N T  X - O R D
.- .  t  0 .  a6

I  2  . t 4 , 0 g
-  

3  z 3 . g g
/  4  s2 .ss

S  8 4 .  g g

6  t 00 .96
7  200 .08

5 2 , 4 A

Y-OR D
8 1 , 5 8
8 1 , 5 0
9 6 - 4 6
9 6 ,  O 8
9 5 .  O O
8 7  , 9 9
e7.ga

EXJE{"I\F- S/"F.

L INE  LEFT  RTGHT SOIL
1 r22
2252
3s62
4672
523 r
53 {1
7151

S O I L
I
2

C I RCLE

S L  I  C E
I

UNIT  T IE IGHT
1 t8
1 r8

x-oP. !  Y-0RI I
53 .  g  95 .  A

C O  H E S  I  O N
7aa
7gB

f r  SRTURRTED
z9  N0
?9  YES

R 8 D  I  U S  F R C T O R  O F  S f i F E T Y
L 8 . 6  4 .  6 7

o3
1. IEI  GHT

. 0
{ 6 3 .  4
9 8 4 ,  I

1 4 1 3 .  I
t 7  1 ?  . 3
2664.  q

2 L 9 2 , 7
2312 .3
2 3 5 5 .  5
2392.3
2997 ,9

8 4 6 .  5

T N C L I H R T I O N
- 5 3 .  {
- 5 4 .  5
- 3 9 .  A
-26 .7
- 1 5 . 5

- 5 .  I
5 . 2

1 5 . 5
2 6 . 7
3 9 .  I
5 { .  5
7 1 . 4

T H I T I T I L
I  .  g 9 B 0
5 .  9 8 4 5
4 .  6 9 3 3
4 . 5 7 + l

1 , 6 7

COHES I ON
7ga
7 A A
709
?aa
7 g g
7go
7 g g
? 6 9
769
709
?sa
?os

I.I I DTH
. g

1 . 8
1 . 8
1 , 8
1 . 8
1 . 8
1 . 8
l . g
1 . 8
1 . 8
1 . 8

. 9

EFF I.IE I GH T
,o

297  .9
5 1 2 . 6
7 4 7 .  I
9 3 5 .  3

LA89 .7
1 2 t g . 7
I  2 9 g .  3
1 3 5 2 .  I
I  3 5 9 .  5
t  ? 9 5 .  g

5 5 2 .  5

g

2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9
2 9

X
4 4 .  1
1 5 . g
4 6 . 7
4 8 .  5
5 4 .  3
5 2 .  1
5 3 .  g
5 5 .  7
5 7 .  5
5 9 ,  3
6 1 . 1
6 2 ,  4

.t

. / 5
6
7
I
9

l a
t l
r2

I TERHT I OH

F f , C T O R  0 F  S H F E T Y T
E R R T H 0 U F I K E =  .  I  B

C N L C U L R T E D
3.9e4s
4 .  6 9 3 3
4  . 6 7 4 1
4 .  6 7 3 9

8T l= 53  Yr  86  f t=

t
2
3
4

r0

o
I



P O I N T
^ - l
I tz

3
1
rJ

6
7

t ' T f , T E R  U H T T  I I E I G H T I

X - O R  D
0 .  0 0

4 4 .  0 E
7 3  . 9 9
8 2 ,  g g
8 4  . 8 4

I  9 A .  g g
? g g ,  g g

L I N E
I
2
3

LEF T

6 2 ,  4 g

Y-OR D
8 1 .  5 A
8 1 . 5 4
9 6 .  B 8
9 6 . A 4
9 5 .  g 0

8 7 . 8 9
8 7  . 9 4

R I G H T
2
5
5
7
3
4
I
g

Y . O R D
92.  g

I H C L I H f , T T O H
- 1 9 . 5
- 1 4 . 2

- 5 . 9
2

t y

7 . 6
1 4 .  9
22 .3
3 4 .  5
3 9 .  4
4 9  . 7
3 9 . 2
6 8 ,  I

T H I T T R L
l . g g g g
5 . 0224
7  . 2 2 t  6
7  .297  6

7  . 2 9

UH I7 I . IE I  GHT
t  l 8
r  r8

so tL
?
2
2
2
I
t
t

C O H E S  I  O N
780
769

S F T U R F T E D
H O

Y E S

S O I L
I
2

C I RCLE

S L I C E
1

4

5
5
7

I
2
C

5
z
3
+

6

29
29

X . g R  D
3 6 ,  g

1.{E I GHT
1 5 .  e

1 4 3 , 2
2 7 9  . 3
3 7 3 , 8
4 5 3 .  I
5 6 9 .  I
5 3 9 .  I
5 4 0 .  I
5 8 3 .  +
4 1 5 .  9
1 6 2 . 9
7 2 ,  6

R F D I U S  F R C T O R  O F  S F F E T Y
l a . g  7  . 2 9

o3
COHES I  OH

7dg
,  ?gs

? g g
7 g g
7 g g
70s
7 A g
7sg
769
7 g g
7 A A
? g g  

.

}I I DTH
. 6

t .3
1 .3
1 .3
t , 3
1 .3
1 ,3
1 .3
[ . 3
1 .3

' 7
.7

EFF T,TE I GHT
1 5 , 3

t 1 2 , 5
1 8 8 , 3
232,9
3 e 6 ,  5
3 4 8 .  I
3 7 9 .  g
3 9 5 .  g
3 9 3 .  7
3 5 8 .  I
1 5 2 .  B

? 2 .  6

o
29
29
?9
29
29
29
29
29
29
29
29
29

x
4 6 .  5
4 7 .  5
4 8 .  g
3 a .  I
5 1 . 3
5 2 .  6
5 3 .  g
5 5 .  I
5 5 .  3
3 7  . 6
5 8 .  6
5 9 .  3

4

5
5
7
I
9

1 A
1 t
L 2

I T E R F T I O N
I
2
3
4

F F C T O R  0 F  S f i F E T Y .
E f i R T H O U f i K E =  .  l 6

CRLCULf iTED
6 .  g 2 Z 4
7  . 2 2 L 6
7 .28? 6
7 .2997

R T  [ r  S 0  Y r  ? 2  P r t 8



l , f  f iTER Ul l  I  T l lE I  GHT. 62.  1g

-  P O I H T
I 1vz

3
4
5
-
b

7

X - O R  D
6 .  B 6

4 4 .  0 G
7 3 .  g 0

8 2 .  O g
8 . 1 . 8 9

I  0 4 .  0 g
2 g g .  o g

Y-0R D
8 1 . 3 0
8 1 . 5 8
9 6 .  0 0
9 6 .  g 6
9 5 .  8 0
9 7 ,  9 8
8 7  . 9 9

L INE  LEFT  R IGHT SOIL
l t 22
22s2
3562
467?
523 r
634 r
74 .51

so lL
t

1
I

C I RCLE

U H I T  I . I E I G I { T
t  1 8
t  1s

X-ORD Y-ORD
5 2 .  A  9 4 .  g

C O H E S  I  O N
7 Q A
7gs

O SBTURNTED
2 9  H 0
2 9  Y E S

R 8 D  I  U S
1 0 . 0

FRCTOR OF S f ,FETY
I  . 2 4

SL ICE
^-, I
r t2

: 3
1
f
v

6
7
I
9

r0
t t
t 2

],IE I6HT
3 5 .  I

1 0 3 .  3
l ? 4 . 9
228.9
2 7 4 . 8
2 9 9  , 9
3 1 5 . 3
3 1 3 .  I
2 9 6 .  q
232 .  e
l ? 3 . 1
7 3  , 7

I  TERHT I  OH
I
2
3
4

Ff iCTOR 0F S f lFETYT
E R R ? H O U R K E .  . 1 8

I N C L I H N T I O H
- 1 1 . 2

- 5  '  I
- r  3
5 . 5

1 1 . 3
1 7 .  3
2 3 .  5
2 9 . 9
3 6 ,  8
4 4 .  I
5 1 . 9
5 1 . 5

I i l T T T N L
l  .  Q a g o
7 ,3257
9 . 1 6 7 6
9 .2357

9 , ? 1

COHES T OH
700'  
? 6 6
7 g g
7 A A
70s
709
70s
709
709
7 A g
796
7gs

R T  [ =

} I I D T H
. 9
. 9

t .a
l . g
1.0
l .a
1 . 6
l . g
1 , 8

. 9

. 9

. 9

CHLCULNTED
7 .3257
g ,  l 6 7 A
9 . 2 3 5 7
9 ,  2 3 9  1

52 l= 94 f t r

EFF I, IE t 6HT
3 6 .  9

1 9 3 .  3
1 5 3 .  3
1 9 8 .  9
228. ?
232. g
279.3
2 8 0 .  5
2 8 1 . 9
232. g
L 7 3 ,  4

7 5 . 7

a
29
29
29
29
29
29
29
29
29
29
29
29

x
5 8 .  I
5 1  . 4
3 2 .  g
5 3 .  6
5 4 .  A
5 5 .  0
5 5 ,  9
3 7  . 4
59.  a
5 9 .  9
5 9 .  g

5 g .  g

t g

o
)



I . I R T E R  U N I T  l . I E I G H T .  6 2 . 4 9

P O I H T' t

2
3
4
5
b

7

o
I

X-0R D
6 ,  90

.1.0.  go
73 .  gg
82 ,  00
84 .  e0

I  66 .  g0
zge. oa

Y - O R D
8 1 . 5 8
8 l  . 5 0
9 6 .  O B
9 6 . 8 0
9 5 . 0 9
9 7 .  g 0
g 7 . g g

R I G H T
2
5
6
7
3
4
5

I N C L I N F T I O N
- 4 . O

- . 3
1 . ?
9 . 7

t 4 .  g

29.  g

? 3 . 3
3 1 . 0
3 7 .  g
12 .  e
4 9 .  5
s 4 .  9

I H I T I F L
l . ggog

I  g .  5 3 3 8
I  3 .  0 4 5 4
t 3 .  l l ? 6

1 3 .  l 2

L  I H E  L E F T
l l
2z
3s
4 5
5 2
6 3
7 +

S O I L
2
2
2
2
I
I
t

S O I L
t

Z

C  I  R C L E

S L I C E
t
2
3
4
5
6
?
I
9

l 6
l l
L 2

U H T T  T . I E I G H T
1 1 8
1 t 8

X - O R B  Y - O R D
4 6 . 9  9 ?  ,  A

C O H E g  I  O H  O
? g g  ? 9
7 g o  2 9

R R D I U S  F s C T O R  O F  S F T F E T Y
1 g . o  1 3 . 1 2

S F I T U R I i T E D
H O

Y E S

o
1.IE I G}IT

6 . 4
. 1 8 . 3
8 9 .  I

122 .  L
1 4 7 . 1
1 6 3 .  6
1 7 1 . 0
1 5 8 . 0
L5.2.7
l 0 t . l

7 t , 7
29 .7

COHE9 I ON
7sg
7ds
7Ag
? g g
7 g g
7 A g
7so
7 A A
7 g a
? 6 9
7gg
?aa

I.I I DTH
. 4
. 9
. 9
. 9
. 9
. 9
. 9
, 9
. 9
. 7
. 7
a ?

EFF I . IE I  GHT
5 . 4

3 9 .  g
6 6 ,  5
8 9 .  7

1 6 9  . 9
1 2 4 .  4
133.s
1 4 1 . 5
1 4 2 .  t
l g 1 .  I

7 1  . 7
29 .?

g

?9
29
29
z9
29
29
29
29
29
29
29
29

x
4 5 .  3
4 5 ,  9
4 5 .  g
4 7  . 7
4 8 .  5
4 9 . 4
5 9 .  3
5 1 .  I
3 2 ,  g
5 2 .  I
( ?  q

5 4 .  2

I  T E R 8 T  I  O N
I
?
3
I

F R C T O R  O F  S F F E T Y C
E R R T H O U R K E =  .  I  6

CRLCULRTED
1 9 . 3 3 3 8
I  3 .  9 4 5 +
1 3 .  I  1 7 5
1 3 ,  1  1 9 2

fiT [- 46 f r  92  f t= r6

o
I



t f R T E R  U H I T  t l E l 6 H T -  6 2 . 4 9

t-xterio r S lrp.
P O T H T

. - l
I t2

3
/ 4

5
6
7

S O I L
I
2

C 1 RCLE

S L I C E
t

)z
v3

4
, 5

6
7
I
9

l 0
l l
r2

X - O R D
g .  8 0

4 1 , 9 0
7 3 .  g g
8 e . 0 0
9 4 .  g e

l g g .  g g
2gg .  gg

I , IE I  GHT
. 2

7 7 1 . 2
1 9 1 8 . 5
2799 .9
347g .g
3 9 9 1 . 4
4 3 5 t . g
4 s 7 B .  g
4 6 1 9 . 4
4426 .6
3 8 3 2 . 4

9 9 4 , 7

Y -ORD

8 t , 5 9
8 1 . 5 9
9 6 .  g g
9 5 ,  0 A
9 5 .  A B
I 7 .  B r 3
8 7  . 9 9

I N C L I N R T I O N
- 5 6 . 4
- 4 9 .  6
- 3 4  . 7
- 2 3 .  g
-  1 2 . 2

- 2 . 9
8 . 3

1 8 .  g
3 9 .  6
4 2 . 9
5 A ,  t
7 9 .  3

I N I T T N L
1 . 0 0 8 9
3 . 6 8 8 0
3 ,  5 0 5  1
3 .  4972

3 .  5 0

COHES I ON
?8s
? g g

R I G H T  S O I L
22
5?
62
72
3 t
1 l
5r

L I H E
I
2
3
4
5
6
7

L E F T
,t^
2
G
J

6
2
3
4

U H I T  I . I E I G H T
r  t8
I  l 8

X - O R D  Y - O R D
3 7  . 9  g a .  a

O  S H T U R R T E D
29 N0
? 9  Y E S

R f i D I U S  F R C T O R  O F  S f f F E T Y
1 5 .  g  3 .  5 E

COHES I ON
7ga

,  7sa
769
7 g g
7 A g
7A6
748
7go
7 A O
789
7 g o
7as

l.l I DTH
.0

2 .7
2 .7
2 ,7
2 .7
2 ,7
2 .7
2 .?
2 .7
2 .7
2 .7

.g

EFF IJE  I  GHT
. 1

4 l ? . 6
I  6 2 3 .  g
I  s € 5 .  9
I  8 9 7 .  5
2 2 1 3 . 8
2469.  g
2 5 3 3 ,  g
2 7 2 4  . 6
? 7 9 5  . 7
2 4 9 9 .  6

6 5 8 .  I

O
29
29
29
?9
?e
29
29
29
29
29
2e
29

x
4 4 .  5
4 5 .  9
4 8 .  5
5 1 . 2
5 3 .  I
5 5 .  5
5 9 .  2
5 l .  g
6 4 .  5
6 7 . L
6 9 .  I
7 1 . 5

I  TERRT I  OH
I
2
3
I

Ff ,CTOR 0F gf ,FETYr
E H R T H Q U f , K E =  .  I  I

C H L C U L R T E D
3 . 5 9 9 0
3 .  5 0 5  I
3 .  497?
3 .  4 9 5 9

RT }(- 37 f : r  90 f - t 5

o
)



] { R T E R  U N  I  T  H E  I  G H T  r  5 2 .  { o

P O I N T
- t
- 2
' 3

4
q
I

Io
7

X - O R D
B .  0 g

1 1 . O O
7 3 .  a g
8 ? , g a
8 4 . 6 8

t g g  .  g g
2 g g  ,  g 6

Y - O R D
8 l  . 5 9
8 1  , 5 9
9 5 .  6 0
9 6 .  O g
9 5 .  0 B
8 7 . 9 0
8 7 , 9 6

R I G H T
2
5
6
7
3
4
5

T NCL I NfIT I OH
- 2 6 .  I
- 1 9 . a
- 1 8 . 7

- 2 .  s
5 . 5

1 3 .  8
22.3
3 1 . 4
4 1 . 5
5 3 .  I
7 1 . 3

I H I T I H L
l . 00ae
3 ,  9 1  2 4
4 . 4 9 2 3
4 .  4 5 1 4

4 .  4 3

L I N E LEFT
I
?
5
6
2
3
4

t
2
3
4
5
6
?

U N I T  I . I E I G H T
1 t 8
t  l 8

X - O R D  Y . O R D
5 8 .  a  g g .  6

S O I L
2
2
2
?

C O H E S  I  O N
796
7 g g

C  S R T U R R T E D
2 9  N 0
? 9  Y E S

s0 lL
I
2

C I RCLE R F D I U S  F F C T O R  O F  S f t F E T Y
1 5 , 6  4 . 4 5 '

S L  I  C E
--. I

- 2- 3
' 4

5
5
7
I
9

l 9
t l

I .JE I6HT
1 0 5 , 4
5 5 8 . 7
9 5 9 .  9

l2gz. g
t 5 3 1 . 3
t  7 9 4 .  3
1 7 9 6 . 2
I  7 9 3 .  g
I  5 7 9 .  g
I  3 5 5 .  3

524.  6

COI{ES I  ON
7 e a

'  7AO
?os
7Ag
7 A A
7so
7 g g
7go
?go
? d g
7 q g

H t I ITH
1 .3
2 .1
2 ,1
2 .1
2 ,1
2 ,1
e , I
2 ,1
? .  I
2 .1
1 . 8

EFF I . IE I  GHT
1 0 5 .  4
{ 5 9 . 1
5 9 1 . 9
g g g ,  g

1 8 5 l  .  B
I  1 7 7  . 6
1 2 5 5 . 9
1 3 1  A .  I
L ? 9 ?  .  +
I  l 9 9 .  9

6 2 4  . 6

G

29
29
29
29
29
29
29
29
29
29
29

,1
5 t . $
5 3 .  i
C t  - '

q t ?

5 9 .  5
5 1 . 5
6 3  . 7
5 5 .  g
6 7 . g
7 9 .  g
7 2 .  g

I  TERHT I  OH
I
2
3
+

F F C T 0 R  0 F  S f , F E t Y =
E B R T H O U F K E =  .  t  A

Cf ,LCULRTED
3 .  B  l 2 {
4 .  4 A ? 3
. 1 .  r + 5 1 4
4 .  4 5 5 0

f lT  l r 59  t r  98  f t= 1 5

o
t



l . f R T E R  U H t ?  H E I G H ? r  8 2 . 4 0

PO I  NT  X -ORD
I  0 .a0
2  4 1 . 9 9
3  7 3 .  A O
4  9 2 . 0 0
5  9 4 . 0 0
6  l 0 g .  B g
7  20g .gg

Y-OR D
8 1 , 5 0
8 1 . 5 0
9 6 . 0 0
9 6 ,  0 9
9 5 .  6 9
e 7 . 0 6
8 7  . 9 9

I N C L I N F T I O H
- ? 3 . 9
- 1 9 , 3
- 1 1 . 8

- 4 .  5
2 . 8

l e . l
l ?  . 6
2 5 .  4
3 3 .  g
4 3 .  I
5 4 ,  3
6 9 .  I

IH I?TEL
t  .  a0ag
3  . 9 7 ?  t
4 . 6 4 9 4
4 .  6 9 2 5

1  , 7 9

L INE  LEFT  R IGHT SOIL
1122
2252
3552
4672
523 r
6341
7151

S O I L
1
I

C I RCLE

S L I C E

U H I T  H E I G H T
1 1 8
1 1 8

x-oRD Y-oR l l
5 4 . 6  9 6 . 0

c0HE s t 0H
7 A A
7 g g

RT [ -

g  SFTURNTED
?Cr N8
2 9  Y E g

Rf iD IUS FRC'OR OF SRFETY
l s . e  4 . 7 9

I

- ?
v 3

I{E I G}IT
7 . 3

2 6 4 . 1
3 9 3 .  0
8 5 4 . 7

1  e 9 2 ,  3
1246 . g
I  3 5 3 .  5
I  3 g g .  g
t 3 7 1 .  I
L 2 1 8 , 9
g g 5 .  I
4 1 2 .  5

coHEs t  0N
709'  
7go
7go
746
7gs
70s
7 g g
7ss
7gg
766
700
7 A O

}I IDTH
. 4

1 , 9
1 . 9
1 . 9
1 . 9
1 . 9
t . 9
t . g
1 " 9
[ . 9
t . 9
1 . 5

CRLCULRTED
3 .977  |
I  . 6 1 0 1
4 .  5 9 2 5
4 ,  5 9 6  t

52 l :  95 f t :

EFF I.IE I GHT
7 . 3

1 8 2 .  7
3 7 3 .  g
5 3 9 .  t
6 7  6 . 9
? 9 Q . 2
9 7 7  . 2
9 3 4 .  g
9 5 9 .  3
9 3 7  . 2
8 4 9 . 5
4 1 2 . 6

g

29
2 '
29
z9
29
29
29
29
29
29
29
29

x
4 5 ,  9
4 7  , 9
4 8 . 9
5 9 . 9
s2 ,7
5 { .  6
5 6 .  5
5 8 .  +
5 4 .  3
6 2 . 2
5 4 .  I
6 5 .  g

4
|E

5
7
I
9

r0
t l
L 2

I  TERRT I  ON
I
2
3
I

F f iCTOR OF SRFETY=
E R R T H O U B K E :  .  I  0

t 5

o



I I H T E R  U H  I  T  L I E  I  G H T  -  6 2 .  { 0

L INE
t
2
3
4
q
v

6
7

S O I L
t
L

2

C I RU].LE

U H I T  I . I E I G H T
1 1 S
t  t 8

x - o R D  Y - o R D
4 7  . 9  9 7  . 9

O I N T  X . O R D
I  g . 8 g

2  { 4 .  8 g
3  7 ? . 6 9
4  8 2 . 9 9
5  8 4 .  g g

6  1 0 0 . 0 9
7 229. g(t

Y -ORD
8 1 ,  5 9
9 1 . 5 6
9 5 ,  0 9
9 6  . 9 9
9 3 , 0 g
9 7 .  g B

8 7 , d 9

I H C L I N R T I O N
- 6 r B
- 2 . 4

3 . 1
9 . 6

l 4  . 2
1 9 . 9
2 5 .  9
32. Z
3 8 ,  9
4 5 .  4
5 5 . 2

I N T T I f , L
|  .  g g g g
6 . 7 5 9 7
8.2322
g .  2 9 7 +

8 .  3 6

L E F T  R I G H T  S O T L
r22
2s2
552
572
231
34 t
I t t J l

COHES I  ON O
7 g a  2 9
7Ag 2 ' t

R f i D I U S  F R C T U R  O F  S H F E T Y
1 5 . 6  4 . 3 0

SsTURRTED
N O

Y E 9

-  S L I C E
I 1
vz

3
4
5
6
7
I
I

l €

1 l

I.TE I GH T
7 . 2

1 1 3 . 9
? 3 3  . 3
329  .4
4 6 1  , 5
4 4 9 . 4
4 6 7  . 3
4 5 . 1  . 3
493 .  g
3 9 2  . 2
1 2 8 ,  9

I  T E R B T  I  O N
t
2
3
4

F R C T O R  0 F  S H F E T Y '
E F R T H E U R K E '  . I O

CFL CULRTED
6 . 7 5 0 7
I  .232?
I  .297  I
g  ,2998

f iT  [ r 4 ?  f r  9 ?  Q = 1 5

eoHEs  I  0H
7sa
7gs
7 A A
7sg
7As
7 A A
7gg
7gg
7 A O
7 g a
7 A g

I.I I DTH
. 4

1 . 4
1 . 4
t . 4
1 . 4
l . {
1 . 4
1 . 4
1 . 4
t . 4
t . 4

EFF l.TE I GHT
7 . 2

8 9 .  I
t 5 5 . 9
2 3 L  . 9
2 8 5 ,  I
3 2 9 , 6
3 5 9 ,  3
3 7 3 .  0
3 6 9  . 7
3A2.2

'  1 2 8 .  9

fD

?e
29
2')
e9
?e
2 9
2 9
2 9
2 9
2 9
29

x
r l 5 .  4
4 6 .  4
4 7 .  g
4 9 .  2
5 9 .  7
5 2 .  I
5 3 . 5
5 5 .  6
5 6 .  4
5 7 .  I
5 9 .  3

o



I f  RTER UN I  T  t {E  I  GHT r  62 .  40
SI*p.e-

X - O R  D
g .  g g

4 { .  0 0
73.  eB
e2.  gg
8 4 , 9 9

I  4 8 .  B g
2 g g  .  g Q

I.IE I CHT
3 5 . 8

I  t 4 t .  t
2349.2
3 6 5 3 .  g
4 5 3 7 .  I
5 2 1 6 . 8
5 6 9 8 .  I
5 9 7 0 .  B
5 9 9 9 .  g
5 7  1 3 . 3
3 6 5 9 .  4
2335.2

2 5 .  I

Y . O R D
9 1 . 5 0
8 1 . 5 9
9 6 .  B 0
9 6 .  0 0
9 5 .  0 6
8 7 .  g 0

8 7 .  B 0

I H C L I H R T I O H
- 4 6 .  g
- 3 8 .  5
-27  .4
- l ?  . 4

- 7 . 8
1 . 4

t 0 . 8
? 9 . 4
3 0 . 7
4 2 . 3
3 1  , 7
7 2 . 4
9 5 .  5

I H T T I R L
l .  9090
2 . 8 9 3 2
2 .  9 9  l 9
2 .  ? 9 9 2

3 . 6 9

Ex+*ior
O T N T

I
2
3
4
5
6
7

L I H S  L E F T  R I G H T  S O I L
r r2?
22s2
3552
1 6 7 ?
3 2 3 1
6 3 1 1
7 4 - 5 1

S O I L
I
z

C  I  R C L E

L I C E
t
2
3
1
5
5
7
I
I

l 0
1 l
L 2
1 3

U H T T  L I E T G I ' { T
I t 8
I  t 8

X - O R D  Y - O R D
5 8 .  A  9 5 .  A

C O H E S  I O H
7 g g
?get

O  S R T U R R T E D
2 9  H 0
2 9  Y E S

R F D I U S  F F C T O R  O F  S R F E T Y
?9 .0  3 .00

C O H E S  I  O N
' 700

7sa
7 g g
7Ag
7gs
7go
7As
7 A O
7dg
?ag
7AA
700
?go

1.I T DTH
' 8

3 . 2
3 . 2
3 . 2
3 . 2
3 . 2
3 . ?
3 .2
3 .2
3 .2
2 .4
2 .4

. t

EFF I, IE I GHT
1 5 .  g

sge .  3
I  3 5 2 .  5
l 9 g t . 2
2592.2
2927 .2
3 2 5 8 .  g
3 4 g t . g
3 6 1 t . 2
3 5 8 1 . 8
2377  ,1
1  6 3 8 ,  6

2 5 .  I

?a

o
29
2e
29
29
29
29
29
29
29
29
29
29
29

x
4 3 . 6
4 5 .  6
4 8 .  g
5 2 .  1
s5 .  3
5 8 .  5
6 1 . 7
6 4 .  9
5 8 . 2
7 1  . 4
7 4 . 2
7 6 . 7
7 7 . g

I  T E R R T  I  O H
I
2
3
4

FRCTOR OF S f iFETY '
E f , R T H O U H K E .  .  l 9

CHLCULRTED
2.893?
2 . 9 g t g
2 .9982
2 . 9 9 8 6

H T  l -  5 9  f r  9 5  Q =



L I H T E R  U N I T  l l E t G H T '  6 2 . 4 0

T O I H T
- I

a,

3

3
I
a
J

6
7

X . O R D
0 .  g g

4 4 .  A g
7 3 .  g g
8 2 .  0 8
8 4 .  E 6

I  B B .  0 6
2r lg .  06

X. O RT,
5u .  0

HE I6 i {T
5 8 .  I

4 6 9 .  3
9 8 1 . 2

I  3 9 5 .  7
1 7 1 3 . 5
t 9 3 t .  S
2949.9
? 9 2 + . 6
1 8 4 9 . 5
t  4 4 6 .  3

6 9 3 .  2

Y-OR D
8 1 . 5 9
8 1 . 5 4
9 6 .  g 0
9 5 .  0 0
9 5 .  0 0
8 7 .  0 g
8 ? , g g

L E F T  R I G I { T
L 2
2 5
5 5
6 7
? 3
3 4
4 5

U H I T  I . I E I G H T
I  t 8
1 t 8

S O I L
z
?
2
3

t
I
t

L I N E
I
2
3
4
q

6
7

S O I L
I
-t
A

C  I  R C L E

L I C E
I
3

3
4
5
6
7
I
9

l 6
t l

c0HE9 l0 t {
7ga
7gg

R R D I U S  F f i C T O R  O F  S R F E T Y
? 8 .  g  4  . 2 L

a
29
2?

SN TURH TE D
H O

Y E S

Y - O R I I
l 8 g . e

T H C L I H F T I O H
- 1 9 . 9
- 1 3 . 7

- 5 .  3
1 . 9
9 . 3

1 5 .  B
2 3 , 5
3 1 -  ?
4 g .  g
5 1 . 5
6 5 .  A

I H T T I R L
L  ,  g g g g
3 . 6 4 ? 5
4 .  I  5 2 5
4 .  2 6 6 3

4 . 2 L

C O H E S  I  O H
7 g g
7 g o
7 g s
7 g g
709
7Ag
7gg
7 g g
70Q
7 g g .
7dd

II i DTH
1 . 6
2 . 5
2 . 5
2 . 5
2.5
2.  s
2 .5
2 ,5
2 .5
2 .3
2 .3

CRLCULf,TED
3 .  6 0 2 5
4 . 1 6 2 5
t .  2 0 6 3
4 . ?gg3

5 9  f =  l g g  Q - ?s

EFF l IE I  GHT
27  . 3

252.9
5 5 9 . 4
8 1 9 .  6

I  6 3 4 .  {
L2A2.2
1 3  1 9 .  g
I  3 7 5 .  5
1  3 5 9 .  5
I  2 3 5 .  2

603 .2

o
2e
29
29
29
29
29
29
29
?e
29
29

x
43  , 2
45 .  3
4 7 . g
36 .3
5 2 .  g
5 5 .  4
5 8 .  6
5 9 .  5
5 3 .  A
5 5 .  6
5 8 .  B

I TERRT T OH

F R C T O R  O F  S f i F E T Y e
E f i R T H O U R K E =  .  l g

I
2
3
4

RT )(-



lor
U I

l a
. / 3

3
4
q
g

5
7

l lSTER UH I  T  1 . lE  I6HTr

HT X-ORD
0 .  g 6

4 4 .  g e
7 3 .  B g
9 2 .  g g

'  
8 { .  e g

I  0 0 .  9 6
zga,  aq

E  L E F T  R I

6 2 .  1 g

Y.OR D
8 1 . 5 0
8 1 . 5 0
9 5 .  0 0
9 6 . 9 9
9 5 .  0 B
8 7 .  A 6
g?.oo

G H T  S O I L
2 2
5 2
6 2
7 2
3r
4 l
5r

t
2
5
5
2
3
4

L IN
t
2
?

I
5
5
7

S O I L
I
2

C I RCLE

U H I T  I . I E I G H T
I  t 8
t t 8

X . O R D  Y . O R D
5 2 . 9  L A ? .  E

C O H E S  I  O N
7 g g
Tt tg

Rf , I , I  US F RCTOR OF
2 g , g  4 . 6 1

S H T U R R T E D
H O

Y E S

SRF ET Y

g,

2 9
2'J

S L I C E
I 1
Y2
) 3/ {

5
6
7
I
9

ra
r l
L2

I . IE I GHT
2 l  . 2

3 5 5 .  t
7 3 3 .  g

lg43 ,7
l ? 9 4 . 8
I  4 5 4 .  7
LJ47  .7
I  s53 .5
I  4 5 3 .  g
1 2 1 4 . 3

5 8 1  . 7
2 5 9 .  I

T  TERHT T  OH
I
2
3
4

Ff ,CTOR OF Sf iFETYT
E f i R T H 0 U F K E  =  .  , g

I N C L I N f i T I O H
- 1 4 , 9
- 1 9 . 6

- 4 . 6
2 . 5
9 . 4

1 5 .  7
22 .6
2 9 .  I
3 7  . 6
4 5 . 5
5 5 .  0
6 4 .  O

I N I T I N L
|  .  Ogget
3 . 9 7 7 3
.1 .  s600
4 .  5 1  1 5

4 .  6 l

}I I DTH
.7

2 ,3
2 .3
2 ,3
2 .3
2 .3
2 ,3
2 .3
? .3
2 .3
1 .5
[ . 5

C R L C U L R T E T I
3 .  8 7 7 3
. $ . 5 5 0 0
4 .  5 l  l 5
4 . 5 1 4 8

32 fr lg? ft=

EFF I. IE I GHT
2 L . 2

2 6 6 .  6
4 9 6  . 7
5 9 4 .  3
g 5 g .  6
9 9 1 . 5

l g 8 7  . 2
t l 4 l . g
I  1 4 5 .  g
I  A g 6 .  2

5 8 1 . 7
2 5 0 .  t

2 B

COHE S I OH
'  ? s d

7 A s
766
7ga
7 g g
7 A O
709
7As
?ss
7 g o
70s
7eg

o
29
?9
29
29
29
29
29
29
29
29
29
29

x
4 6 . ?
4 9 .  3
5 6 .  6
5 ? . 9
5 5 .  I
5 7 ,  4
5 9 .  7
5 1 . 9
6 4 . 2
5 6 .  4
6 8 .  4
5 9 .  g

R T  [ r

o
,J



r {RTER uH IT ' r JE l f x t .  62 . . r 6

- O I N T
v l

i 2
/ a

J

4
q
U

-
o
)

X . O R  D
Q . Q g

r l i l . 0 6
7 3 .  d g
g 2 . g o
8 4 .  A B

I  0 4 . 0 e
2 A g ,  a g

Y . O R D
8 1 . 5 9
8 l , 5 g
9 5 .  0 e
9 6 .  g 0
9 5 ,  4 9
8 ? , 0 0
9 7 . 9 0

R  I G H T
2
5
6
7
3
4
5

I H C L T H H T I O H
- 2 .  I

. 9
5 . 6

l a . 3
t 5 . l
2 9 .  0
2 5 ,  0
3 9 .  3
3 5 .  g
4 1 . 3
4 6  . 7
s2.7

I H I T I N L
l .  g g g 0
6 .  4994
7 . 9 1 2 6

.  ? . 9 7 5 9

7 .  g 3

SOIL
?
2
2
2
t
I
t

t
2
q

6
2
3
4

L I N E
I
z
3
1
I

6
7

L E F T

S O I L
I
2

C I RCLE

UNTT I . IE IGHT
t 1 8
t r8

X - O R D  Y - O R D
4 5  .  9  1 6 2 . 9

COHES I  ON
7ga
7 a g

O Sf ,TURRTED
29 N0
? 9  Y E S

R R D I U S  F f i C T O R  O F  S f , F E T Y
2 9 ,  g  7 .  g g

l.lE I GHT
6 . 6

l ? 5 . 4
4 6 3  , 6
3 7 6 .  I
{ 5 1  .  g
9 1 9 .  5
9 4 6 . 5
s39 .3
492 .6
3 3 8 .  0
2 3 9 .  0

9 4 .  g

I  TERRT I  ON
t
2
3
4

FHCTOR 0F SHFETYT
E B R T H O U A K E -  ,  l 8

t
I
I

CEI
r l

2
3
1
G
i,

6
7
I
9
o
I
2

COHE S I ON' 769
7 Q g
? g g
7sa
7gg
7gg
7ga
7ss
7gg
7 g s
7gg
?oo

1,l I DTH
t

1 , 5
1 . 6
1 . 6
1 , 5
1 . 6
1 . 5
1 . 5
1 . 6
1 , 3
1 . 3
1 . 3

CRLCULRTED
.  5  . 4 A 9 4

7  . 9 1 2 6
7 .  g 7 5 g
7 .e792

46 f= lg? f t r

EFF I. IE I GHT
5 . 5

9 7 . 1
l 9 9 . 0
268.7
3 3 5 . 9
3 8 9 . 9
129 .3
4 5 2 .  g
4 5 7 .  5
3 3 9 .  A
239  .9

9 4 .  g

2A

o
29
29
29
29
29
29
29
z9
29
2?
29
29

x
4 5 .  3
4 5 .  3
4 ? . g
4 9 .  5
5 1 . 2
s2 .e
5 4 , 4
5 6 .  I
5 ?  , 7
5 9 .  2
5 9 .  5
5 t .  g

H T  X =

o
)



l . l F T E R  U N I T  l l E I G l l T :  6 2 . 4 0
Exkrrdr Sltp<-

lo tx r
- l

, / ;

4
5
b

7

X - O R D
0 .  g 0

1 4 ,  g a
7 3 .  g g
8 2 .  0 0
8 4 . 8 0

t  8 0 .  a 0
? g g  ,  o g

Y  - O R D
.  8 1  . 5 6

8 1  , 5 0
9 5 .  0 0
9 5 .  e 0
9 3 .  B g
8 7 . 6 8
8 7 , g O

R  I G H T
2
5
6
7
3
4
5

SOIL
t
?

C I RCLE X - 0 R  3
5 7 .  B

I{E I  GHT
3 3 8 . 9
8 7 6 . 6

2939,2
4 7 1 9  ,  5
5 l t 9 . l
7  t 7 6 . 1
7 8 9 4 . 5
8246  .7
B  1 6 2 .  t
7 1 3 8 .  5
4 4 7 3  . 3

3 5 .  2

I  T E R R T  I  O N
t
2
3
{

FRCT0R 0F  SFFETYT
E f l R T H G U R K E T  ,  t o

UNIT  t . IE I6HT
r  18
118

S O I L
2
2
2
n
tL

I
I
I

C O H E S  I  O N
7 g s
7 0 8

R N D I U S  F R C T O R  O F
2 5 .  A  2 . 9 2

C O H E S  I O H
,  7 g g

7 A O
7 a g
7go
7Ag
7gg
7Es
7Ag
709
7 A g
7 e g
7ao

S F T U R R T E D
N O

Y E S

9 F F E T Y

L  I N E  L E F T
l 1
2 ? ,
3 5
{ 5
5 2
6 3
7 1

o
29
29

ICE
I
2
3
1
R
I

6
7
I
9
g
1
2

1
I
t

Y -0RD
9 9 .  g

I H C L I H F T I O N
- 4 t . 9
- 3 4 . 7
-26.  g
- 1 5 . 8

- 6 .  t
3 . 5

l 3 . l
2 3 .  I
3 4 .  t
4 7  . 9
5 5 .  5
g l .  a

T H I T I S L
I  .  g a 9 0
2 . 7  L  4 8
2 .  8 1 3 5
2 .  g t 9 6

2 . 8 2

H I D T l i
2 . 4
2 . 1
4 . 1
4 . 1
4 .  I
4 . 1
4 . 1
4 . 1
4 .  t
4 , 3
4 . 3

. 3

EFF I . IE I  GHT
1 5 5 .  5
4 1 2 . 3

t  4 5 9 .  g
2499 ,  L
3 3 t 2 . 9
3 9 9 4 . 1
4 4 9 5 ,  g
4 9 3 5 .  5
4 9 5 9 .  g
4 4 1  g .  5
2 5 9 5 .  I

3 5 .  2

g

29
29
29
29
29
29
29
29
29
29
29
29

x
4 8 .  4
, { 2 .  I
4 5 .  I
5 9 . 2
5 4 .  +
5 9 . 5
6 2 . 6
5 6 .  8
7 g .  g
7 5 .  I
7 9 . 4
8 1 . 7

CNLCULf iTE D
2 . 7  L 1 8
2 .  8 l  3 6
2 .  E t 9 6
2 . 8 ? g a

fiT t(r J7 l= 99 fr= 2s

o
I



I f  R T E R  U N  I  T  H E  I  G H T r  6 2 . 1 9

P O I H T  . . X . O R D
I  g . € u
2  4 4 .  g B
3  7 3 .  B g
4  8 a .  g g
5  8 4 .  0 g
5  l 0 g . g g
7  2gg .  gg

Y - O R D
8 1 . 5 0
8 1 . 5 0
9 6 ,  g 0
9 6 .  8 0
9 5 ,  0 g
8 7 .  g 0
8 7  . 9 9

R  I  G H T
2
5
6
7
3
.t
5

I H C L T H R T I O I {
- 3 7 .  I
-27  .2
- 1 8 , 2

- 9 .  t
' 5

l g . 1
-  ? d . g

3 A .  5
4 2 .  5
5 7 .  g
6 9 .  3
7 5 .  4

L I H E
I
2
3
4
5
6
7

L E F T S O I L
2
2
2
2
1
I
t

I
3

5
6
2
3
4

S O I L
I
?

C I RCLE

UNIT  I . IE IGI {T
t l 8
r 1 8

X - O R D  Y . B R D
5 0 ,  e  l o v .  g

COHES I  ON
7 g g
709

A  S R T U R R T E D
? 9  H 0
2 9  Y E S

R f i D T U S  F R C T O R  O F  S f i F E T Y
2 5 ,  0  3 . 2 ?

S L T C E
.-. I
r t2

3
4
G
rJ

6
7
I
I

l e
t l
t 2

IIE I GHT
5 3 3 .  0

l 3 9 g  . 7
?239 .  I
3 5 2 5 .  I
4 5 9 9 .  I
5 5 1 2 ,  7
5 9 9 3 . 5
6 4 1 6  . 2
5 5 7 3 . 1
4 2 1  5 .  g

3 9 2 .  4
3 7 6 .  3

I T E R f ; T I O N
1
z
3
I

F R C T O R  0 F  S f , F E T Y -
E R R T H 0 U F K E =  .  l 6

CO HES I  OH
?gg'  7eo
706
7ss
7gs
7ga
7gg
7ga
7gs
709
7sa
709

F T  [ r

I.I I DTH
3 .6
3 .6
3 .6
4 ,
4 .
4 .
4 .
4 . 1
4 . 1
4 , I

. 5
I . 2

CRL CULRTED
3 . 0 6 0 9
3 ,2527
3 .  2 6 5 5
3 .  2 5 6 3

5 g  f =  I B B  R :

EFF l. tE T 6HT
2 9 7  . 7
7 4 9 . 1

l  B 4 g ,  g
I  7 4 5 .  3
2 4 6 5 .  g
3 g ? 7  . 7
3 4 2 3 . 1
3 5 2 6 ,  5
3 5 7 9 .  2
3 l  1 4 .  a

2 8 4 .  9
3 7 5 . 3

a
29
29
29
29
29
29

.29
29
29
29
29
z9

x
3 5 .  g
3 8 .  6
4 2 . 2
4 6 .  1
5 9 .  2
5 4 .  4
5 8 .  5
62- .6
5 6 .  g
7 A , g
7 3  . 2
7 4 .  I

I N I T I R L
|  .  gooo
3 .  g 6 0 g
3 .23?7
3 .  2 6 5 5

3 . 2 7 2 3

o
i



1 { R T E R  U N  I  T  t J E  I  G H T :  6 2 .  4 g

Jorxr
v l

A

I 1
t 3

4
t
Y

5
7

X . O R D
0 .  g 0

4 4  ,  g g
7 3 .  B 6
8 2 .  6 g
8 4 .  B 6

I  0 9 .  B 0
2 A g ,  0 e

Y - O R D
8 1 . 5 0
8 1 . 5 6
, 6 .  g g
9 6 .  A g
9 5 .  g 0
8 7 . 0 9
g 7 . g g

I N C L I N R T I O H
- 1 0 . 3

- 5 .  3
- . 5
5 .  t

1 9 .  9
1 6 . 7
2 2 , 9
2 9 . 2
3 5 .  A
4 3 .  . 1
5 6 .  g
5 8 .  7

I N I T I R L
|  .  g g g g
3 .  9 5 3 6
4  .  g 5 g 6
a  . 7 1 7  4

4 . 7 2

L I N E
I
?
3
4
5
5
7

s0 l  L
I
?

C I  RCLE

UHIT  l . IE IGHT
I  r 8
l l 6

X - O R D  Y . O R I ]
4 8 . 0  1 A 6 .  A

C O H E S  I  O H
7 g a
7 g g

O Sf iTURFTTED
29 HO
2 9  Y E S

L E F T  R I G H T  S O T L
r?2
252
5 5 2
6 7 2
2 3 1
3 4 1
4 5 1

R R D I U S  F H C T O R  g F  S f l F E T Y
2 5 .  B  4 . 7 2

L I C E 1.IE I GHT
l g . g

2 9 3 .  9
5 9 2 .  3

1 9 2 8 . 1
t29O. q
I  4 7 5 .  I
1 5 7 8 , 7
I  5 8 8 .  6
1 4 8 8 , 9
1 2 5 1  .  I

6 8 7 . ?
2 9 4 . 9

I T E R R T I O H
I
2
3
1

F R C T 0 R  0 F  S R F E T Y =
E R R T H G U F K E =  .  l 6

I
I
t

o
29
29
29
29
29
29
2e
29
29
29
29
29

I
2
3
4
5
6
?
B
9
B
I
2

C O H E S I O N
,  7go

7d6
7 g g
7gg
7ga
7Ag
7ss
709
7 9 6
7 g g
7gg
7ss

I.I I DTH
1 .9
2 .5
2 .5
2 .5
2 .5
2 .5
2 .3
2 .3
2 .5
2 .5
1 .9
1 .9

CfiL CULfi TED
3 . 9 5 3 6
4 . 5 5 9 9
4 . 7 1 7 1
4 . 7 2 9 3

aB f -  195  f t=

EFF I . IE I  GHT
5 . 1

1 5 4 .  9
4 l g . 5
6 4 9 . 2
9 2 5 . 3
9 7 6 . 3

I  0 8 7 .  3
I  1 5 4 .  6
1 1 7 € . 4
1 1 2 1 . 3

6 e 7  . 7
2 9 4  . 9

25

x
4 3 ,  S
4 5 .  2
4 7  . 7
5 0 .  2
5 2 .  7
5 s .  ?
s 7  . 7
5 g  , 2
62 .  6
5 5 .  I
5 7 .  4
6 9 .  3

R T  [ r

o
)



I .RTER UH I  T  T {E  I  CHT-  62 . .9

.  P O T H T
v t

n -2
3
1
5
6
7

X-0R D
a .  g0

1 4  . 9 4
7 3 .  O g
8 2 .  g O
9 4 .  g e

l g 6 . 6 d
2 g g .  g g

Y - 0 R D
9 1 . 5 8
8 t . 5 9
9 6 , g o
9 6 . 6 4
9 5 .  0 0
8 7  . 9 9
8 7 . O 9

L I H E  L E F T  R T 6 H T  S O I L
1 t 2 2
2 2 5 2
3 5 5 2
r t 5 7 ?
5 2 3 1
5 3 4 1
7 4 5 1

S O I L
I
2

C I RCLE

UH I T I. IE I GHT
1 1 8
t l 8

X - O R D  Y - O R D  R R D  I  U S
4 2 . 9  1  9 6 .  4  2 5 .  9

F R C T O R  O F  S R F E T Y
1 t  . 6 3

COHES I ON
7 A A
798

o  S R T U R H T E D
29 H0
2 9  Y E g

o
29
29
29
29
29
29
29
29
29
29
29

^  S L I C E
- 1-z

l 3
4
5
5
7
I
9

ra
I t

I . IE I GHT
5 5 .  9

L ? 4  . 8
1 3 3 .  I
2 1 0 . 3
3 8 5 .  5
5 1 4 . 6
5 9 1 . 2
5 l 1 . 2
5 5 6 ,  {
1 7 7  . 6
242 ,3

I  TERRT I  OH
t
2
3
4

FHCTOR 0F SHFETY.
E R R T H O U F K E -  .  I 9

I N C L I N F T I O N
- 8 .  8
- 3 .  4

1 . 9
7 . 9

1 2 .  g
L 7 , g
22 ,2
2 7 .  5
33 .2
3 9 .  s
1 6 . 9

I H I T I N L
|  .  g g g g
9 . 4 2 2 t

I  8 .  9 9 3 0
L t . a 2 9 2

1 1 , 9 3

COHES I  ON
7 g o
709
7 A A
7 A g
7 g g
7gg
7dg
7 A A
7Ag
709
709

I J  I  DTH
2 .3
2 .3
2 .3
2 .  I
2 .L
2 .  L
2 .  I
2 .  I
2 .  I
2 . 3
2 .3

CfiLCULRTED
9 . 4 2 2 1

t  0 .  9 9 3 6
L t ,0292
I  1 . 8 2 9 9

4 2  f r  l g 5  Q r

EFF UE I  GHT
2 6 . 7
5 8 .  7
6 2 .  €

L 2 1  . 7
2 S 0 .  I
3 5 5 , 9
4 3 7 .  5
4 9 2 , 5
5 1 7 .  g
4 7 7  . 6
292.3

23

x
38 .  2
49 .  5
4 2 . 8
4 5 .  I
4 7  , 2
4 9 .  3
5 1 . 4
5 3 ,  5
5 5 .  7
5 7 .  9
6 4 . 2

fiT fir



U R T E F  U H I T  } I E I G X T -  5 i ' { O t

Ex rc+tdt^ SlTz
)Fo  I  HT
- l
/ 2

A

J

rl

5
5
7

X - O R  D
g.  €c

r r .  0 ( r
73 .08
82 .  8e
8 { .0c '

I  90 .  8e
eeB .88

} IE  TGHT
7 6 3 .  6

1 9 5 3 . 7
2 8 3 5 .  0
5 3 8 2 .  9
7 3 3 9 .  g

-  t 9 3 7 .  I
9 t89 .  ' t

t 9 { 6 5 . 6
1 0 4 9 1 . 5
9 5 5 2 .  9
3 8 e 5 .  7
1 0 0 6 .  I

5 . 3

Y . O R N
8 1 . 5 0
8 1 . 3 0
9 6 .  0 0
9€, ,  e0
95 .  B8
97 .e0
87 .  Ag

tNcL lHnT lo i l
' { -2.2
-33 .  4
-25 -4
-15 .7

-7 .2
2 .1

t l . 4
21 .  I
3 l  . 5
12.7
55 .  {
69 .7
73 .g

T H I T I R L
t  .  B 6 B g
2 . 7 3 4 9
2 . 7 7 9 7

2 . 7 7

L  I N E  L E F T  R I G H T  S O I  L

l l 2 ?
22s2
9 5 6 2
4 € 7 2
5 2 3 1
e 3 1 l
7 4 5 1

s0 l  L
I
(

C I R E L E

U H T T  U E I 6 H T
1 1 6
t l 8

X-OF,  D  Y-  ORD
5 5 .  O  I  6 e . 8

COHES t  0H  o
7gs  29
796 29

R , R D  I  U S  F R C T O R  O F  S F F E T Y
3 0 , 0  2 . 7 ?

SfiT UR f,T ED
N O

v g c
I  b J

- L ICE
v l

2
. / 3

I
J

6
?
8
I

l 9
l 1
L 2
t 3

COHES I ON
?ge
7gg
7 A O
7 s g
7s0
?oa
7gg
7gg
7ea
? 8 9
7sg
7ss
?AE

}I  I  DTH
3 . 5
3 . 6
3 . 5
{ . 9
{ . 8
+.8

'  { . 9
4 . 8
4 . 8
4 . 5
4 . 5
2 . 9

i

t 1

EFF I . IE I  GHT
3 5 9 .  I
9 2 3 .  5

I  3 3 3 .  7
2 6 5 0 .  g

3 8 9 5 . 8
+ 7 t 8 ,  5

-  -  s  4 e g . g
5 9 8 8 .  3
6236.9
5 1 3 2 .  4
3 4 t 4 . 4

3 7 7 . 7
3 . 9

E
29
29
29
2?
29
29
29
29
29
29
29
29
29

x
3 4 .  9
3 8 .  5
4 2 ,  ?
4 6 .  4
5 1 . 3
5 6 .  1
6 e .  9
6 5 .  I
7 9 . 6
7 5 .  3
7 9 .  I
9 3 . 6
8 4 .  I

I  T E R F T  I  O H
I
2
3

F R C T 0 R  0 F  S f i F E T Y =
E f i R T H O U R F . E  =  .  l 0

F T  [ r

CFL C UL RT ED
2 -  ?349
? . 7 7 9 7
2 . 7 7 2 3

53 te lg? f t= ? $

o
)



- 01
- l

2
3
4
5
a

b

7

I I B T E R  U N T T  T E I G H I '  6 2 . { 6

xT  X -oR ! '  Y -oRD
g .  O i r  81  .  50

{ 4 . 9 1 r  8 1 . 5 0
7 3 .  B 0  9 6 . 0 0
8 a . 0 0  9 6 .  0 0
8 .3  .  B ( t  9  5 .  go

1 0 0 .  B R  8 7 , 8 0
2 0 t 1 . 8 0  8 7 , 0 9

L E F T  R I G H T s0 l  L
2
?
2
2
I
I
I

H
2
5
5
7
3
4
5

I
t)
3

3
5
2
3
il

LI NE
I
2
3
4
5
6
7

S O  I L
I
a
a

C I RCLE

L ICE
I
2
3
a
5
6
7
t
9

tg
l l
t 2
l 3

U N T T  I . I E I G H T
t  l 8
l l 8

X . O R D  Y - O R D
5 6 .  A  1  8 6 . 0

COHES I  OH O
7 g g  2 9
7 g g  ? 9

R R D I U S  F H C T O R  O F  S f i F E T Y
3 0 . 9  3 ,  e g

S R T U R f , T E D
H O

Y E S

} I E I 6 H T
1 3 4 2 . 1
g 2 z ? . 3
. 1 5 2 5 .  S
s373 .  3
7 t  13 .  {
8 3 9 5 . 8
9 5 3 2 .  I

t B l 9 2 . 6
1 8 1 9 5 .  3
9 { 6 A .  I
. 1 8 7 8 . 3
2 7 7 3 . 9

8 8 .  3

T N C L T H N T I O } I
- 4 5 .  9
' 3 1 . 7
- 2 1  . 9
- 1 5 . 9

- 6 .  9
2 - 4

1 1 . 7
2 1 . 4
3 1 . 8
1 3  . 7
5 5 .  3
6 8 . 9
7 9 .  8

coHEs lo l f
?8s
7gg
7eg
7ga
?og
7gs
709
7ga
799
?gE
7es
740
?go

1,I T DTH
4 .  {
.1 .  4
1 . 1
a.  {
a .g
a .g
. 1 .  I
4 . 9
.1.  8
{ . 9
3 . 1
3 . 1

R
a v

CRLCULhTED
3 . 9 3 4 7
2 . 9 9 7  5
2 . 9 9 6 9

5 0  t r  1 8 0  R =

EFF TIE I GHT
6 l ? . 1

1 5 1 5 .  5
2 1 2 8 . 3
2327 , g

3 4 5 3 . 8
'1399  .  3
5 l  ee ,  4
56?2.  5
5 8 6 1 . 2
s732,2
31  12 ,  t
1 9  1 5 .  7

8 9 . 3

e
2e
29
29
??
2?
??
29
z9
29
29
29
?9
29

x
2 8 .  6
3 3 .  B
3 7  . 4
4 1 . 8
4 6 . 4
5 1 . 3
5 5 .  I
6 9 .  g
6 5 .  g
7 8 .  5
7 4 . 6
7 7  . 7
7 9 . 5

I  TERRT I  OH
t
2
3

FRCT0R 0F  SRFETY=
E R R T H 0 U A K E T  .  l 0

t N I ? T H L
1 . 0 6 0 8
3 .  0 3 4  7
2 . 9 9 7  6

3 .  g g RT }(= 3A

o



l r f i T E F  U H I T  l t E l C x l '  6 i , { 9

I  N T  X - O R D
I  0 . 9 8
2  .1 .1 .  0g
3  7 3 . 0 8
4  t 2 .  g 0
5  8 a . g B
6  l g g . g e
7  2 A 0 . 0 0

Y - O R  D
8 t . 5 0
8 l  .  5 0
9 6 ,  0 9
9 6 . 0 e
9 5 .  0 g
8 7 .  g 0
8 7 . 8 0

R I G H T
?
I
g

6
7
3
1
5

L T H E
I
2
3
{
5
6

. 7

s 0 l  L
I
2

C  I  R C L E

LEF T
I
2
q
v

6
2
3
a

SOIL
2
2
2
2
I
I
t

C OHES I ON
7sg
70s

S R T U R E T E D
H O

Y E E

U H I T  I . . | E I G H T
r l 8
l lB

x -0R!
45 .  I

Y -ORD
t 0 3 , 9

} IE ICHT  IHCL INRT IOH
g2? ,9  -33 . . 1

2069 .  I  - ?3 .7
2857 .2  - I { , 8
3299 .8  ' 6 . 2
4093 .  7  2 .  5
3628 .9 - - - '  11 .3
5552 .9  29 .1
5539 .3  39 .  I
3126 .?  aa .9
3?13 .+  S1  , 2

51 .1 .  I  53 .  3
67 ,7  70 .8

R R D I U S  F R C T O R  O F  S R F E T Y
3 8 .  I  3 . 7 7

o
29
29

-i"
3
a
5
6
7
B
9

IB
r t
t 2

COHE S I OH
?oo
746
7go
7gs
7Ag
7ea
78A
7ss
7eg
7sg
7gg
7eg

[ -

H I D T H
{ . {
1 , 1
+. {
4 . {
.1 .  6
4 . 5
{ . 5
{ . 5
{ . 5
4 . 5
1 . 6

. 6

EFF I . /E I  GHT
389 .  4
g?3 .4

13 .18 .  {
I  s .16 .  I
2931 .9
268?  .2
3  t . 14 .  I
3391 .7
3352 .  s
29Ae.2

€14 .9
67  . 7

e
29
2?
29
29
29
2?
29
?e
29
29
?9
2?

x
2 8 .  6
3 3 .  A
3 7 .  4
4 1 . 8
{ 5 .  3
5 9 .  I
5 5 .  4
5 8 .  g
5 4 . 5
5 9 . 1
7 2 .  Z
7 3 . 3

I ? E R f , T I O N
I
?
3
{

F h C T 0 R  0 F  S H F E T Y =
E H R T H 0 U F K E :  .  l 0

IH IT IFL
l .  gaaS
3 . 5 1 1 1
3 , 7 ' ? 1
3 .  7 6 5  I

3 , 7 7  f i T

CRLCULRTED
3 . 5 1  t  I
3 .  7 5 2  4
3 . 7 6 3  I
3 .  7 5 5 ?

4 3  l r  t 9 5  f t = 3 g

o
)



;

I { R T E F  U N I T  I I E I G H T T

I  x t  x -0RD
I  8 . 00
2  { { . 09
3  73 .09
4  92 .08
5  84 .  Ae
5  l ao .9g
7  2Be .  AB

L I H E
I
J

3
1

52 .  { 0

Y -ORD
t t . 59
B  I  .  S0
96 .  A0
96 .  0B
95 .  gA
87 ,  90
87 .00

THCL INST ION
-10 .5

- 7 r l
- 1 .5

1 .9
9 .5

15 .3- 
2l-,2
27  , 3
33 .  7
ao .  B
{5 .  E
a9 .7
55 .  g

I N I T I R L
I  , 8 9 9 0
3 . 3 t 7 9
3 .  9 0 q  q
3 .  8 3 9 +

3 .  8 4

s0 tL
2
?
2
e

coxes I  0H
709
7gs

C O H E S  I  O N
? g g
70s
7go
7go
780
? g g
?88
7Ag
7 9 9
7gg
7CO
709'  ?os

FT l {=

RI6HT
7
q
J

6
7
3
1
5

L E F  I
I
2
t
I

6
2
3
I

3
6
7

S O I L
I
2

C I RCLE

U N I T  I J E I G H T
I  t 8
I  l 8

X - O R D  Y - O R D
3 2 . 8  l 1 2 . B

A  S R T U R B T E D
2 9  N 0
? 9  Y E S

R R D T U S  F R C T O R  O F  S R F E T Y
3 9 .  g  3 .  8 4

S L I C E
l r
- 2

)3
- J l

.t

6
7
I
I

te
1 l
l 2
r3

I.IE I GHT
l8 . l

491 .0
I  035 .  r
t J3? .7
1912 . {
a  190 .  9
2351 .4
2112 .  2
e324 .  {
?467 ,  t

59 .1 .  6
67a .7
2a?  . 9

I I IDTH
'7

2 ,9
2 .9
2 .9
2 .9
2 .9-  -  ' ? . 9

2 .9
? .9
2 .?
l . g
L .7
1 .7

E F F  T I E I G H T
1 8 ,  I

3 5 2 .  3
7 9 9 . 2

1 A  1 8 .  5
I  2 8 2 .  g
I a 9 9 . 7
t  5 5 5 .  5
I  7 7 5 .  3
1 8 1 9 . 9
1 7 8 { . 7
3 7 0 .  9
6 7 1  , 7
2 1 7  . 9

3g

I

29
29
e9
29
2e
29
?9
29
29
29
2?
29
29

x
{ 5 .  5
l B , 3
5 1 . 2
5 4 , I
3 7  , 9
3 9 .  9
5 2 .  g
5 5 . 7
6 8 .  5
7 1 . 5
7 3 .  5
7 a . 9
7 6 ,  5

I  TERNT I  OH
I
?
3
.l

F F C T O R  O F  S R F E T Y T
E f , R T I { O U f , K E .  .  I  A

C HLCULRT ED
3 .  3 1 7 9
3 .  8 0 4 4
3 . 8 3 9 q
3 .  B 4 l 5

32  f r  l l 2  P r

o
J



I I F T E F  u H t T  H E I G H T T  5 e . . 1 0
- ) -
Lxi+4 /67 S /'pe.IO  I  H l  X -OFD

I t  I  0 , gg
2  l c .  e0

" r  3  z3 ,og
{  82 ,09
3  8 4 .  g g

6  t 0B .gg
7  209 .  0g

s0 l  L
t
a

2

C  I  R C L E

U N I T  l . I E I 6 H T
r  r8
I  l 8

x -oR D  V-oR D
33 ,9  l g5 .a

Y- 0F I l
8 l  ,  3 S
8 t . 5 0
9 6 . 9 9
9 6 . 0 0
9 3 .  g g
8 7 .  g B
8 7 . 0 0

IHCL IHFT IOH
-12 .3
-32 .  I
-22 .7
' 13 ,4

-3 ,9
5 .9

t5 .5
23 .7
33 .  5
a3 .  ?
53 .  2
53 .  0

IH IT IRL
l .  aagg
2 .791  |
? .7726

2  . 77

L INE  LEFT  R IGHT SOIL
1122
2252
3562
1672
5?3 t
63 .1
7151

C O H E S  I  O H  O
7 9 6  2 9
7 0 8  2 9

R R D I U S  F f r C T O R  O F  S R F E T Y
3 5  .  0  2 . 7 7

SFTURf ,TED
HO

v E e
r  L . 9

t rcE
I
2
3
4
5
6
?
8
9
B
I
2

I IE I  GHT
1 . 1 5 7 .  3
3 5 5 4 . 5
J t 3 9 . 2
t 1 9 8 .  t

1 6 7 7 ? , ?
I  2 5 9 0 .  g
I  3 9 3 2 .  5
1  a 4 3 3 .  5
1 8 3 5 t . 9

g 3 a 7  . 7
2 7 C 9 . 1
2166 ,  e

c,ot{E s I oN
70s
? g g
? g g
?sg
?oo
7ge
7sQ
7gg
709
70a
7gg
? 9 A

}I I DTH
5 .  g
5 .  A
5 .  E
5 ,  g
5 . 8
5 . 9
5,e
5 . 8
{ .  s
{ . 3
2 .A
3 .9

CRLCULHTED
2 . 7 9 1 1
2  . 7 7 2 6
2 . 7 7 2 A

5 5  l =  l g 5  f t =

EFF }IE I  GHT
585 .  {

t 7  r g .7
2426.3
. t026 .  3
5589 .  3
6g2t  .2
77  16  . 2
83a2 .  e
s983 .  I
{ 5 0 9 .  . }

l 3?e .7
I  159 .  7

2 q

o
29
29
29
29
??
29
29
79
29
29
29
29

x
3 1 . 5
3 5 .  5
4 t . 5
4 6 .  I
3 2 . 7
3 8 .  5
5 4 .  3
7 9 .  I
7 5 .  3
7 9 . g
8 3 ,  9
8 5 .  9

T TERFT I  OH
t
2
3

FRCTOR OF  SFFETY-
E f , f t T H O U R K E 3  ,  I  g

R T  [ =

o
J



I I R T E R  U H I T  I . I E I G H T T  6 : . . I 9

o0 l  X T  X - 0 F I r
I  L g g
2  4 { .  g g
3  7 3 , 9 0
{  9 2 .  g g
3  8 { .  g a
6  l B g . 0 B
7 zeg .  ge

L I H €
I
2
3
{
q

5
7

Y - O R D
8 l  . 5 0
8 1 . 5 9
9 6 . 6 9
9 5 .  g g

9t .  ag
8 7 .  g g
t 7 .  8 g

R I G H T
2
5
5
7
3

s0 l  L
2
2
2
2
I
I
I

COHES I OH
7ds
7ga

LEF T
I
2
3
5
.1
3

3
{

{
3

S O I L
I
?

C I R C L E

U H I T  ! I E I 6 H T
1 1 8
t  r8

o
29
?e

S F T U R f i T E D
H O

Y E g

. L I C E
v l

?
?

t Y
- / f

I-
5
7
I
9

1 g
1 l
r2

X - 0 R D
5e.  g

rf E I Gt{T
91  9 .2

23 :8 .  I
{ 444 .5
5529 .  3
9219 ,6
9595 .2

19536 ,4
I  1875 .e

9792 . a
8171 .  9
2826. C
3508 .  5

Y - O R D
l g g . 0

I HCL I HFT I OH
-36 .  3
-27 .7
- t 9 .4
-11 .1

-3 .1
4 .9

12 ,8
2 t .  I
29 '  6
38 .  5
{5 .  6
55 ,  7

C O H E S I O H' 7go
7ss
?ge
7Ae
70a
7es
?go
799
7e2
?ao
7ga
7AO

tI I IITH
a.  {
4 . 1
4 . 9
a.g
a ,g
{ . 9
4 , 9
{ . 9
r l .  5
4 . 5
2 . 9
5 . 3

CRLCULETED
'  2 . 7 3 5 3

2 . 7 9 t g
2 . 7 9 2 9

5 e  t r  1 8 8  f t -

EFF I 'E I  GHT
{ 3 2 .  3

l l 9 9 . 8
2 l  g g ,  g
3 { 2 6 .  t
{ { 7 1 . 9
5 3 3 7 ,  4
5 9 2 1 . 3
5 5 1 1 , 3
5 7 1 9 .  5
4 5 2 9 .  I
1 4 3 3 . 5
1 6 9 7 .  I

R f , I I  I  U S  F R C T O R  O F  S R F E T Y
3 t .  0  2 .79

e
?e
?e
29
z9
29
2?
29
29
29
2 9
2 9
2 9

x
3 7 . q
{ 1 , 8
{ 5 .  {
5 t . 3
5 6 .  I
5 9 ,  9
5 5 .  B
7 8 . 6
7 5 .  3
7 g .  g
8 3 .  g
9 6 , 7

TTER, f tT ION
I
?
3

F R C T 0 R  0 F  S F F E T Y T
E R R T H O U f l K E T  .  l g

I N I T I R L
L  0 € g g
? . ? 3 6 3
2 . 7 9  L g

2 . 7 9  R T  [ = 35



I n T E F  U l { l T  l f E I G l { ? r  G l . . B

Fo
J

0 l  N l  X -0R  l .
I  0 . gg
?  44 .  ee
3  73 .09
{  92 .  Be
s  84 .  Ee
6  t 0B ,0e
7  209 ,  ge

Y - O F D
81.3e
91 ,30
9 6 .  0 G
9 6 .  B g
9 5 .  S A
B 7 .  g g
8 7 .  B 0

R I G H T
a

a

5
5
?
3
a
3

Y - O R D
l g g . g

T T { C L I N F T I O H
- 5 9 ,  {
- 3 6 . 7
- 2 5 .  3
- 1 f . 9

- 5 .  I
_a.a
l . l . l
21  , 2
35 ,  3
{5 .4
59 .  g
?  |  . 2
79 .  g

L I N E
I
2
3
4
q
J

6
7

SOIL
I
2

C  I  RCLE

L E F T
I
2
q

6
2
3
a

U H I T  I I E I G H T
I  r8
r  l 8

SOTL
2
2
2
2
l ,
I
I

COHE S I ON
7 8 9
7 g e

S H T U R F T E D
H O

YE;a

x -0R !
5 9 .  g

}IE T GHT
2 8 1 4 . 9
6 7  2 7  . 7
9 l g g . 3

1 9 7 0 6 , 7
l ? 1 7 9 . 2
t 4 1 7 4 . 3
t g 5 1 l . g
l 5 t 2 l . 3
1  5 8 5 3 ,  2
1 9 7 2 7  . 7

7 6 5 3 .  3
I  6 8 7 .  3

l ? 9 . 2

c o l + E s  I 0 H
' 709

7gg
7gg
? 9 6
7 g g
7gg
7gg
7ds
7gg
7gs
7es
70a
700

a
29
e9

I I  I  DTH
3 ,9
g .g
5 .9
3 .9
s.g

.  5 . 9
3 .9
3 .9
5 .9
4 . S
4 . 5
2 . 8

. 6

EFF I {E T GI . {T
1  3 3 7 ,  9
3 1 6 4 . 0
4 3 2 6 .  3
593s .  e
5894 ,  0
7  177  . 7
8 t+7 .  {
t 775 .  5
8e9s .  5
5 1  5 5 ,  I
4 2 8 ? ,  I

g g B .  I
5 9 .  3

R R D I U S  F R C T O R  O F  S R F E T Y
3 5 . 0  2 . 9 3

S L I C E

-z
3

- / 1
I-
6
7
I
I

l s
t l
r2
t3

G

?e
29
29
29
?9
29
29
29
29
29
29
29
29

x
23 .  3
29 .2
35 .  I
4 t . g
46 .  g
s2  . 7
l o  t

6 4 .  3
7 9 ,  I
7 5 . 3
7 9 .  g
9 3 .  0
8 4 . 3

I  TERFT  I  OH
t
z
3
I

F B C T O R  O F  S R F E T Y T
E R R T H 0 U F K E T  .  I  B

I H T T I R L
t .  0 0 g g
3 . 2 2 3 9
e .  9 3 4  5
?  . 9 2 A 9

2 .  t 3  F T

CRLCULNTED
3 .2239
2 .  93 {5
2 .  g2  g9
2 .9297

X r 5 0  Y r  l A g  p -  A g

o
J



e
l t R l € F  u H l T  H E l C x T .  6 3 . { 0

I  N T  X . O R D  Y - O R D
I  0 . g g  8 t . 5 9
2  4 r . 0 8  9 t . 3 0
3  7 3 .  0 0  9 6 .  g g
4  e 2 .  g g  9 5 .  g g
s  g 4 .  g e  9 5 ,  9 9
6  I  B g .  g 8  9 7  , A g
7  z g g . g e  8 7 , 0 8

L I H E R I  G H T  S O I L
22
52
62
72
3t
.1 t
3 t

L E F T
I
2
a

6
_
I

3
1

I
2
3
4
t

5
7

S O I L
I
I

I

C I RCLE

U H I T  I . I E I G H T
t t 8
t r8

X - O R D  Y - O R D
4 5 . 8  t  9 5 .  0

c o H E  g  I  g H
7gg
7 g g

o  SRTURFTED
29  x0
29  YES

R R D T U S  F H C T O R  O F  S f , F E T Y
3 5 .  B  3 . Z O

a
J

].IE I GHT
l  46e ,  g
3655 .  2
51  73 ,  8
61a3 .  7
6653 .  8
gg  l  e .  ?

l €243 .5
t  9960 .  3
lga?? . a
9526 ,  0
4743 .  A

l 9 8 ,  I

T  T E R H T  I  O H
t
z
3

F R C T g F  O F  S B F E T Y =
E R F T H O U R K E -  ,  I  I

I HCL I HFT I O}I
- 12 ,3
-32.  E
-22  . 7
- l . l . l

- 5 .  7
_  3 .1

12 .  8
22 .  B
33 .7
16  . 2
51 .5
72  , 3

I H T T I H L
I  .  B 0 e 0
3 . l 7 t 8
3 . 1 9 5 3

3 . 2 9

}I I DTH
5 .0
5 .9
5 ,0
5 ,4
5 .0
5 .9
5 .8
5 .8
5 ,8
5 ,8
{ . 9
1 . 0

CHLCULRTED
3 . 1 7 t 8
3 .  t g 5 3
3.  t962

4 5  f -  l B 5  f t -

EFF I {E  I  GHT
5 8 7 .  5

l ? 2 3  . 7
2 4  3 2 .  I
eg89,  3
3129 .  2
. f  3 1 5 .  I
5 3 2 9 ,  I
6097  .3
6 e 8 5 .  I
6 0 1 5 . 0
3 . 1 8 9 .  3

l 9 9 . l

t1G.

I C E
I
4^

3
{
3
6
7
g
?
g
t
2

coHE s I 0N
7?g
7gg
7go
?e0
790
7gs
7gg
?as
7go
704
?ag
7AA

o
29
29
29
29
29
29
29
29
29
29
29
29

x
e l . 5
26  , 3
? !  I

35 .  5
{1 .3
{6 .9
32 .7
58 ,  5
6 4 . 3
? 9 .  I
7 3 .  I
7 9 , 3

HT }(=

o
J



z
A

L J A
rl lr'?, E

EAb
E o;

.,F (5 L
EE = ui

Ez-<
3=H
lL

R3E- l

oo

I
t

o-r-
E
tr

t

,

o9
z!
OF
0-2
?LU

038
F=se
E=A
= u,6
o-H
HgE
,I, EH*ztrB
=zE
z oE-.
otrE
zur
, t

;Eg
HP
s6
trE
LrJo

e

l8
IE
Itr
t:)taD

o

O t r
= sL'

aat
O.Or s

E$

l



$

z
o-

n
t r t . l r
4 Y O

3 o;
froL
5=ur
- : 4

==t
r
io- o

Io
O

I

og

I

t

2e
Ol-o-2
7UJ

0=B
F=se
fr g A
= U."U
OIHagr
.l, EH*ztrB
z OE^
otrH

o@r\
Y.tr l  5

H8
bo
EE
Lum I

,
o
=o
G

.o
O +
9 " 9

O r

is



z
o-
=

Ab
L ' F

<g*
=ur
= J
=

=8
o-o
Io

O

I

t

2s
OFo-2
?tU

0=B
F=
. J L

i
tr
OIH
Hg=
,,: EH*ztrE
z OE^
otr H
zuJ
o@Fr

Y(g'  5

HP
su
Eg
UJ
c0 o

GJ
a

o
q-)
6
!E

o
t- v t

trl
F

=
ox

AU
- ( J

lr,e
(f,

l-
lr
lrJ

oJ
G|

, l

p fuJ

IF
l 5,UT

o

6R
f-t S.,

Y ^  3'gE-
. -'E

.-
F
I -
N
I

l



z
ot
( r E:g ,

EAb
=oF

.E g':
- r J  q

1l C' -1 
,.r

H=r
7 = Hlt
lrJ f|l

R,6- f

o
O

I
I

v)
q
J-o
E

B
t

a

2e
OFo-z
?UI

0=B
F=ge
3t g A
= uru
OEHag=
,i EH*
=trf;
=zE
z O E,-.
otrH
zru
o@rr

\ (@6

HP
g6
rrE
ltJ
trl

I

,-'
G|
o-
to
l l o-
-
RI
g|

!t
o | o
N
|rl
-a

l



Ies

$i

z
oS=E 

E?
.,F I I
:I rJ -t

Ii (J '1 
r,r- -

EZ-E=6
-G ,d ,|r.

R3E- l

o
O

I
)

o
-l--
o
troo

oo)r- lqrvr\3Tf -treult

I

,

2s
Obo-2
?tU

AEs
F=

fe
fi
= uru
o-Hagr
,i, E[*ztrB
z OE-.
otrE
zuJ
o10/  A
:(cn6
HP
56
rrg
UJ
tn

o--

F
ol-o
F
tt

a-

q t .
oL
N . r
ul 0J o l

a n -
f:l

@
g)

@gr

l,$
IErJ
U'

O,,



z
(L
=

8e
(ti
=ur
zi
=g
o-
o
Io

(J

I

,

oz
Ot-o-2
=LU

03
F-+se
frE
=u,
o-H
ru 01
@ tE

,l, EHztra
zoEotr
zuI
oa)
YU)
llJ o
ITJ IT
- b

bo
E
[rJ
trl

o
N
I
a
q
J

6
G

N
o- -
$J
ro
Y

F

$
ol
@ e
rt o

9- v ,
trl
F
{
2
E

^F
t( !1
- r J

lr,e
o
l-' b

LJ

O J
GI



dt

z
Au n=F 

= ,
{YO

=o
-Foi
- l J  q )

IJ C) 
'{- 

rrr
J a r

6Z-rd=6
. l -  I  Cn

.tL

83E- f

o
C)

! , r
+

-
qp-.
rt

I

t

2s
Or-o-2
?UJ

0=g
>=
i
io
il
= U,E
OIH
[rJ g]

? HE-
g;EH-
= l '6
=zE
z oE,^
otrE
zlu
O(, / -A

YA6

HP
s6
EE
|'IJ
c0

io
RI
I

o
=
a
tr

o--
oo
oc l- ux,lv/tfil TFuu3r\

s
o|

.o
rf
tJ'':'



G
9,
11
e r -JE

I

,

o-)
I

OF
0-2
=LU
.
=V
F=se+co
il=

Et
uJ(5
Q=

rO
urs-
zt-
- l

zootr
z ltJ

oa
YU)
ulo
IIJ f7
- I

6o
tr
UJ
B

z
At-, fr
t l b=P.  

= ,
EAb
E O;

,-,F (9 t
EU Z ui

Ele
3=H
TL

R5E- l

o
O

o()
lA --

$Jg.
a

rJ)
tf!
I

(\t

a
C\I

o

o
rO

o
tlJ
F

=
ox
Uo().r\
rco
g,

F

32-no
@

o
g|

h
I

U)-t-
6
tro(Doo

oo. r- Ig,rvATII Tfi.r!r3^



ff

z
os=5 

E i
,-F o L
! ( v  - t
-  c ,  

' 1  
r3 l

r==a=6
- t -  G ,  Olr

R5B
Ioo

'|o
rr)
I

q,
--
E
G

oo
og l- inrvr\rB'Iru.[u3A

I

]

28
OF
0.2
:z lU

AgB
F-=ge
tr
= uru
o-H
[u (9 *
Q f,E

.l, 8E*ztrE
=aE^
otr E
zLu
ou)F\
Yq6

u8
bo
crg
uco

I

6
9-.
r)
( ' FEE

_r

tf)
. - O
@ - )
O rr)-- lo
Glo -
rO

, l

'js
#t



.2
4 4
. 6
r lg

5 0
J 2
5 4
5 6- 8

^Lr
-,

6 1
66
6 8
7e
72
71
) ;

?8
79
82
r96

$9s
t9 l
195
2sg
zgr
293
2 rg
2 r  I

3^-.

v J
.9e

3 lg
3 l  t
3 r3
3as
33 t

- 3 L O P L '

e  r l o p c  r t r b r  I  i t y  p r o g F r h  u t  t  I  i r i n g  r h c  r t r p l  t f  r r d  o r  - r o d i f  r c 6
D t l l ' , 9 P ' r r r h g d .  '

T ] ' r c  P r g g r r t r  u a t  s r i t t t n  b y  J o t r n  P ,  C r o r r ,  P . E . ,  P r o c . t r i n g  f i t n r g t r
g t  S T S .  C o n r u l t r n t i ,  X o r t h b r o o k ,  l l  I  i n o i r ,  T h i r  p r o g r r i  u . r  p r l n t t d  r n  r h c
0 c  t o b c r  1 9 8 2  |  r l u .  o f  ' c I v I L  E H G T N E E R I H U . '

f h i r  u l r r i o n  v l f  c o P i r d  f r o r  ' C I v I L  E H G I H E E R t I t G '  r n d  r c t i t t d  f o r  r h c
H r v l r g t - P l c k r r d  9 8 { 5  d r t k - t o P  c o r p u t r F  b y  H o r r o c t r  E n g l n a " r r  i n  l l r r c h
1 9 9 3 .  T h r  f o r r r t  f o r  t h r  I n p u t  r n d  r h .  o u s p u r  e l r  c h r n g r c l  f r o r  r h c
o r i g i n r l  t r ? F r i o n r  h o u c v c r ,  t h e  p r o g r r r  i t r r l f  u l r  n o t  c h r n g c d .

HORROCKS EHC IHEERS
O H E  I { E s T  N E I H  S T R E E T
Ht lER I  CRH FoRKr  UTf ,H  33093
T E L E P H o H €  ( 8 9 t  ) 7 5 5 - 7 5 2 9

0 P 7 I 0 H  t f , S E  I
O V E R L R P
P R I H T E R  T S  t  6
P R I H T  - S L O P E  S T S B T L I T Y  H H R L Y S I S '
D l n  P ( 5 0 , ? )  , L  ( 3 9 , 3 )  r  S 2 ( S ,  4  ) ,  F ( 5 4 )  ,  F ( 5 8 , 7 )  |  Z  ( 5 0 r  1 ) ,  H t ( g 0 l ,  S b  i  r  f  (  B !  I  )  (  3 l
I  H T E G E R  L o g o  (  2  )
s b i t 3 ( l ) : .  H 0 .
S U i r t ( 0 ) r ' Y E S '
S g r t O
J  6 tQ
ouTPuT 5 ; 'R-
EXTER 5 i t l ,  D ,  T i r r f
D r g r t : V f , L  t  ( n )  l .  / ' t y n L t  (  D  )  I  .  / 9 3 .
P R I X T E R  I S  O
P R I X T  ' ' T L  I H ( . t ) ,  T f i B ( 8 0 - L E H ( D r t c t )  )  ;  D e r r t r L t l l ( g ) ;
6 0 S U t  L o g o  t  P R  t  H T  H 9 R R 9 C K S  € H G  I  H E E R S ,  L O G O
PR INT ut ic  s  )  ,  THB(  ?B) ,  .SLOPE STf iE tL I  TY n i ln [YSIS. ,  L tH(z)  r  TRB(38)  ,  .  ro r -  ,  L  r  N (  2

I T I  I N P U ?  O F  P R O G R R i l  V R R T R B L E S  I I T

I H P U T  . E H T E R  T H E  D R T F  F I L E  H R l t E " F i  t r r
I  H P U T  ' E X T E R  T X E  P R O J E C T  H U t t B E R '  r  P n f
I H P U T  - E H T E R  I X E  U S E R ' S  I N I T I B L S ' r U r r r i
L I l . l K  F i  1 r t , 5 9 8 0
R E R D  H '
PR I  HT T f t8 (  I  O-LEH (  H '  ) ,2 ,  iH '
P R I i l T  L I H ( 3 6 ) , ? R B ( 3 9 ) r ' D R T F  F I L E s  r t C H R t ( 3 4 ) l F i  l r s t C H R t ( 3 4 ) r L t H ( t  )
P R  t H T  T R D ( 2 5 ) , ' P R O J E C T  t { U t l g E R :  . L p n r ,  L  t H (  I  )
P R , I H T  T R B ( 3 7 ) ,  ' b y l  ' t U r : r f

P R I H T E R  I S  I 6
R E R D  S 9
t  F  S 0 . O  T H E N  2 ? A
R E f i D  5 6
R E R D  5 7
R E R D  H E
R E S D  E  I
R € f , D  P I
P R I H T E R  I S  I 6
P R  I H T  ' P O I H T  X - O R D
F O R  t . t  T 0  P t

P P l l l t  g F f i ( 2 1  l :

Y-0RD '



r: i '
330
37 t
380

_ .09
I . e t
-qgz

{ t g
.2 t
{ {  I
. 80
498
5 t  g
J. l  i '
51e  '

529
53 i
550
6 tg
629

t t r * g t  J I ,  i  r  i I , .  j , [ , , ? i  t
R E f t t  p i l , l ) , p ( 1 r . . .
P R t r r r  u s l H E  3 3 e l P (  I  I  |  ) ) P (  1 , 2 )

H E X T  t
R E R D  L  I
P R  I i l I  L I H (  I  ) , ' L  t H E  F R O I 1
I n R G E  3 x r  2 ( { D ,  3 x ) , 2 X , 2 D
F 0 R  l r t  I O  L t

P R I I { T  I ;

l F lD  L (  l f  t ) rL ( I ,a )  |  L (  f  ,3 tPRIxT  Us IHG lgz iL (  I ,  t  > r r - (  I  re ) rL ( I r3 )nExT I
R E N D  

. S t

PRIHr  L iH( t ) r ' : so i r -  uHt r  t {E IGI {T  coHEs loH . rcHRr (2 rg )s .
I l l c F  3 x ,  { D .  D D  r  2 x ,  g D  r  3 X ,  3 D  ,  3 X ,  3 R  

v v " i f  '  u ' r

F O R . t . t  T O  S l  - _

r O  S O t L  E E H E R ? H .

S R T U R F T  I  O H '

P R I H T  I 3

. I o  C IRCLE DEFTHTTToH I I .

510 F|.d
5< I  PRTHTER tS  t 5
: : :  .  l l l I I  .srRcLE DsFrnrrtoH.
::ii, l,.l l i"'ErrEr 

rHF I-oRD' Y:oRD, RXD RsDIUs oF rHE FaIL surFFcE FoRrnr x.y,
d.

-  
' '  " :

' ' ! t  cHEcK '  ?o s€E lF '  c IRcLE ExcEbDs roP L tHE EHD potxTs l r ra '

i13 F#'i; io'p'r'
?3o I l_ lp ( r ; r i i p ( t - t f  l ) r  e l fD  cur ,p t r  rHEH ??s766 GOTg ?ts
77O U l r l - l
789 HEXT r .
796 Jr . l rR-( t  c t .? t : I r i i  ; : . :  .  .  -

' 'eai"  'Jai i rR-(?(ui ; i i . iv i ;z 
-  i ; :  .  .

8 l 0  I F , J t ( r g  T H E X ' . g g g
e ? g  . .  I F  ( J t ) g ' . ' H x D  ( p ( l i t r > x _ s o R ( J t  ) )  T H E H  8 5 08 3 0  t F  J Z ( r B  T H E H ' 8 S O '
919 tF  (J2 )B)  RHD (p (u l r r ) (x+soR(Ja) )  THEH a6o8 5 9  . '  G O T O  8 8 9  , ,
8 6 0  D I S P  . C I I C L E  E X C E E D S  T O P  L I H E  E H D  P O I H T S ' ;a?e  60T0  438r

I } I  D E F I H E  T X T E R S E C T T O T {  O F  C I R C L E  r t t ? H  L T H E S  T T r

898
99e
e te

-e
--tt

1O
95a
96e
979
9ee
9ts

l l lD-s2(  t ' .1) rs?( I '  2) '  s2(  I  r  3) '  s2( I r { )
, r iTtHT 

UStH6 5r2;52( t ,  r l ,  s ic  t ,a i ,s i<1,3) ,Sbi t r (s2u,{ ) )

F O R  t - t  t O  L l
X l  r P ( L ( t  I  I  ) ,  t ,
Y l . P ( L ( t ,  l ) r 2 )
X 2 r P ( L ( I r Z ) r t )
Y ? . P ( L ( t  , Z )  1 2 )
IF  X2r f t  TXEH t60
GOTo 97s
S . 9 .  g g E t g
I  F X2()XI  THEH 990
c0T0 l r0o
S - (  Y Z - l l ) t ( X 2 - X t  )



I r - r l U  { l r i : t - . / 1 . . s
! ,  . .1 i  l i  " .2r  I  . . ! .  . . .  I
I  C t 3 [ r  C 3 . l r C t  / S  - ] t y . t  S - ? r t ,
I  G {  ( r  C { r C  t . 2 - 2  r X r C  I  r X ^  2 + y ^ 2  - R ^ ?

-  I  9 5 0  C S . C 3 . Z - {  } C t r C {

z , ' t  060  tF  c3 ( !  rHEf {  I  g8o
t I 7 0  c 0 T 0  t | 9 9
l O g C  Z ( t . t ) . 0
t 0 9 e  t F  c S ( t  T H E H  t 5 3 0
I  l g 0  0 l r ( - G | + S 0 R ( C S ) r r ( Z t C 2 )
I  r  t  e  0 2 r ( - G l - S O R  ( C S )  ) t  ( 2 r C A  )
t  I 2 0  0 3 r 0 t € + C I
t  I  30  0 ( .  Q?6+C t
I t ( g  6 0 T 0  l Z , l e
t  1 5 0  C J r R ^ F ( y - y t  ) - 2
t l 6 g  I F  C s ( t  I H E H  l t g e
I  I  7s G0I0 l reo
f l S g  Z C t f t ) r 0
I  190 t  F cS( l  THE}{  1630
t  e0e e 3rX+SlR (CS )
l ? t 0  O { r l ( - S 8 R ( C S )
t22g 0 t ry t
l ? 3 9  0 ? r y l
l ? a g  J l r g
t  2 s s  J ? t 8
f e 5 0  I F  ( f , l s ( S ) ( r i . 9 9 E 9 )  F H D  ( 0 3 ) . X l  )  B H D  ( 0 3 ( : x 2 )  T H E H  t 2 B gt27e c0T0 t193
t e 8 8  J t r t
t 2 9 0  l F  ( n F ( S )  ( r 9 . 9 9 8 9  )  A H D  ( o { ) r x  t  )  f , H D  ( c { ( . x z }  ? H E H  t 3  t  gt 3ee G0T0 l3:eB

. - .  l 3 t g  J 2 - l
I  3 a g  t F  ( S ( - 9 . t 9 E t )  R H D  ( Q l ) r Y Z )  F H D  ( A t ( r y t )  ? H E N  l 3 { OY-,a3ss 6010 t3:re.  

t 3 {0  J t . l
1350  -  lF  ' (S ( - ! .  t 9g9 )  R i lD  (02 ) !Ye )  RND (e  2 ( r y t  )  THEH l3zgt363 60T0 l3r0
I  370 J2. t
1380  lF  (S ) t . 99E9 t  f r f iD  (O l l rV t )  FHD (O t ( r y? )  THEH l { got 396 60T0 t f  r  0
l . e8  J l . t
l ' t 0  l F  (S ) t . 99E9 )  hHD (e2 ) rY l )  RHD (02 ( r y2 )  THEH r . 3gtl?g G0T0 t{r8 .' l a 3 g  , J 2 t l  . .  t

I t { g  Z ( 1 ,  t ) r J l + J z  l :
l { t 0  I F  J t ' l  I H E H  t l ? g
t { 6 8  G O T O t r S g  , '
l 1 7 e  z i l r z ) { 3  , . .
l r S g  f f  J t r l  T H E N  t s g a
t  { 9 6  G 0 T 0  t : t  g
l 5 8 O  Z ( l  r 3 ) r g t
l S r O  t F  ( J t r C )  F N D  ( J ? r t )  T | { E H  t S 3 O
1 5 2 0  G 0 T 0  l s . 8
t 5 3 g  Z ( t r 2 ) r 0 {
l 5 { 0  t F  ( J t r g )  R H D  ( J 2 r  t  }  T H E H  t g 6 Ol  sso c0T0 tt?s
1550  z i l r3 )42
1570  tF  ( J t r t )  RHD (J3 r t  )  THEH lS9€

^ .180 GOTO ttsg
I  , 96  Z ( l r a ) rg+-€go  lF  i r t .D  f ,ND (JZ . l  )  THEH lgag

.  610  c0T0  r53s
l629  Z ( t r 3 ) . 02
r53e  HEXT t
|  619  X t r0
t6sg XSr9.  g9E20 o
l e A G  l t r f



)

f o t

2S38
-  ?s.o
v ?550- 

2s6g
a57e
25Ss
a59s
26gs
25 t0
2€20
e630
2619

.  2659
2660
267s
26AO
2590
?7ss
?7rs
2729
2739
27.9
2  759
27 ss
2770
27es
27?s
?80  0

-  l l 0
va2g

?830
e8{  0
?830
285  0
e8 70
ar80

g . ' l [ r

3:'€ \.
f i i f t

i  3r i$
231$ .
23?0
233  D
23 {  0
?35  s
236A
?379
238 6
e39 0
? .eg
aa  l 8
212A
213  s
2119
a{  30
216s
21  78
2 {  8s
2 .9A
23s8
e5 t0

I t ' F  l r l  t . ; ,  ( r l - t
l , l i . . i t  I  r  t  i - l r t  |  \
O { r l r r l ( O 3 r g 2 t t l
C  I  r 0 3  z 0 r
C ? r f r (  I  )
F O R  J r r  T O  O r

I  F  J (  0 .  THEr{  23=g
c0r0  ?359
I t r l l r l
I F  J ( e 4  T H S H  2 3 8 0
G 0 T 0  e 3 9 g
e (  I  t  ) . C l o C l
I F  J ( O {  T H E H  2 1 T E
G0T0 2129
C2 rC2 rC l

HEXT J
HEXT I
F O R  t r t  ? O  t t

F O R  J r t  T 0  I  l - t
t F  R ( J + l ) > R ( J )  T H E H  Z S 9 O
J l r f l ( J + t )
f i ( J + t  ) r F ( J )
R ( J ) r J t

HEXT J
HEXT I

DEFTHE SOTL PRREiETERS FOR ERCH SLICE 

, , , ,

F l r l l - l
F O n  l r l  T O  F f

F ( [ r f ) r F ( l o t ) - R ( I )  .
.  X 5 . F ( I r 4 )

F (  I ,  ? l t ( R (  I +  t  ) + R  ( I l t t 2
- - I 3 . F ( l f 7 )

Y t  rY -SeR(R^2- (R  (  I  ) ,X  )  ̂ 2  )
Y 2 r Y - S e R ( l ^ 2 - ( R (  t  + l  ) - X )  ^ 2 )
H3r f iTH(Rts (Y2-Y  |  )  rF (  t ,  4  )  )
IF  YE(YI  THEH ?61O
c0T0 26J0
fiS. -RJ

, . F ( t r 2 ) r f r J
I F i5.e IHE|{ a6BO
G0T0 2699
F (  I ,  ? ) ' t . g E - J
Y3rV  -  SeR (R-A-  (Xg-X  )  ̂ 2  )
l 1 .Q
F O R  J r I  T o  L I

L S . L ( J ,  I  )
L6 'L  (J  12 )
l l  

( P ( 1 5 r 2 ) ( r y 3 )  R N D  ( p ( L g , 2 ) ( r y 3 )  T H E H  e $ 4 s
I t  i f (LSr t ) (x3 )  RHD (p (L6 , i l<xa>  THEI i  Zs ls
l l  ! p (Ls '  l ) ) x3 )  hHD (p (L5 , r l l i i )  THEH 2e{B
IF'i: i: i3 

t;,:: lt! i i3-P (L e,2t t t t i( Ls, r ) -p ( L a, r ) ) r ( x3 -F (Ls, r ) )
l 4 r I 4 + t
Z (  l { ,  I  ) r y 6
Z ( I { r ? } r L ( J r 3 )
lfr 0
E r O

HEXT J
tF  I  { r  I  THEH 2??g
F O R  J . t  T 0  I {

F O R  J l r l  T O  l { - t  )

I F  Z ( J l f  l ) ) r Z ( J t o l .  t t  ? r ? i l  r . * .



- t  |  |  I

: " i I n
c '9 -  0
. t i  r$

l ir r i
- 93S

?9€ c,
a9 i0
2989
e9  9S
300 0
39 t0
3s?  B
3030
30{  g
395s
3g6g
307s
308  s
3090
3r  0s
3 l  t  B
3 l  ? 0
3 1 3 0
3 l  { g
3 l  5 €
3 r 6 g
3 t 7 9
3 l  g 9
3  l 9 g

J z A g
- rB
4zzs

322 I
3239
3a{0
3ase

I f  . - - .  l l r r .

l i J t . l ) . l , t t r l , l .
Z t J t  r Z ) . j r J t . t , 2 )
? ( J t r l r l ) r L t
Z ( J t . J t 2 ) . L 6

H E X T  J  I
i l € x T  J
l { ' l { + l
Z ( l a r  l ) . Y 3
F O R  J t r l  T 0  l 4 - t

l F  ( t . r )  RHD ( J t . t )  R t {D  ( x3 ) r s6 )  t l {EH  3ezo
c0r0 3s3s
t  5 .S0 -Y  I
l F  ( l : F l )  RHD ( J t r l )  RHD ( x3 ) r s6 )  RHD ( x3 ( r s7 )
6070 3s50
J5'  S9 -Y2
l l r l l r (Z ( J  t ,  I  ) -Z ( J t+  I  I  I  ) ) rXGr52 (Z (J t ,  A )  r  I  )
I F  ( z ( J l r  t ) ( s0 )  RHD ( x3 ) . s6 )  RHD ( x3 ( r sz )  TH€N
60T0 3 r  s8
l l r l J+ (  S0 -e (  J  I ,  t  )  ) oX6rH0
lF  s2 (z ( J t f 2 ) r { ) ) . 95  THEH 3 leg
60T0  3 t39
E{ .SZ (Z (J t rZ ) r  l }
l F  s2 (2 ( J  I , 2 )  r l ) ( .  gs  THEH 3 t5g
60T0  3  r  6g
E t rS2  <Z<J  I  j 2 r ,  I  ) - l tO
E .E ' (Z ( J t ,  I  )  -Z<J  I  + l  r  1 )  ) rX6 rE r

}IEXT JT
F ( t r t l r l l
F ( l r 3 ) r E
F (  I  |  3 ) r S ? ( Z (  I 4 - l  r  2 >  r 2 ,
F (  t  r  6 ) r 2 r P  I  r  < 3 2 ( Z (  I  { -  L  r Z ) , 3 t t 3 6 , 9 )

HEXT I
HOR|rRL
I F FgtO ll{EH 336e
PRrxT  usn {G 325e iCHRr (2 tg t
lFncE 'SL lcE  HEt6HT tHCL IXnT IOt {  coHEs Io l l

x '

T H E N  3 g 5 g

3s98

1I I DTH E F F  } I E I 6 H T  . f

t2t l  0.368/(2r?l)
t2 te  For  t . t  ro  Ft
t 30a  ?R lxT  us t  c  3329 i t rF (1 , l ) rF - ( l r 2 ) ro rF ( l r 3 ) rF ( t r a ) rF ( l r 3 ) rF ( t , 5 ) ro rp61 rD
I t?!  . ._ l lngE rD, lsD.DrzD.D, rai , l i .a, i ra. l ,zu, i l . i r

. 33{0 XEX' I
33Sg ?nrxT
3369 ! .e .
336 t  PRIHTE i  t s  !
337€  FOR l . t  TO F l
1??0  D .D+F( l r t ) r 31116 t t a t ( t , 2 ) ) ) r (F ( t . 2 ) z iEgq6 , r ra rD
3390  D -D+E t rF ( l 1 t ) r ca513 i31 ; ( t , 2 ) ) t
Saoo xExt I
3{ t€  tF  t5 )0  t f iEH  3 {3e
3.20 60T0 3aa!
3a39 t7. ta0r 15.16l  (  R- t  6. '3) . ,  (  2rR )
3 { .O  IF  l g )0  IHEX 3a60
3a56 60T0 3a?r
3a6 t  D .D-SGX( I ' .  r  7
g1?6 IF ( t5)0t  nH! (Fg.t)  f l {Ef l  3.?o

^r8a coTo 35ra
I90 PRrNr ustHg 3590;  r?
-r90 lnecE 'Dt lYlNG FORCE COUI{T€R DALRNCE OF'r  tOD.2D

l to  lF  J6>8  THEH 3539
3526 c0T0 3t. l
3136 t  7. t0lJ6rJ5r ( t -J5r3 )  /  (  erR )
35{0 tF t6>o IHEH 3558
3359 COro 357r
3369 D.D.SC[( l r .  t  ?



j  : . : .  u

"?  9 t i
-l d.u r.t

g r . r l r . r  . r . l r . r
t ' t  l f  l  l  l i  I 1 r ;  : . .  U r , ;  l  l
I h x , , g  - { r l  

l v l t { u  F r l , r ( E t t t r ' F  € t i ' : . E ' ( r F  - ,  t  ( r [ r .  ; l r

I  I E R F T T  t  v E  s 0 t - t r T  t  u n  F O f ,  F f i c T 0 R  o F  s f i F E T y  l l  I

F 9 .  I
R {  r €
t  6 . 0
F O R  l r t  ? O  F t

* 1 . t i l ,  3 ) f F (  I  f  { ) + F (  I  1 t ) 1 7 3 9 ( F (  t , 6 )  }
R Z r  I  / C O S ( R B g ( F  (  I  ) Z r ) )
R 3 r  t  + T f i N ( F (  t  |  6 )  ) r T f i H ( F (  l  r Z ) )  t F O
R { r R { + R l r ( R 2 / R 3 ,

HEXT I
F ? t R l t D
l 5 r t 6 + l
l F  F 9 . t  T H E H  3 Z S O
6 0 T o  3 8 2 0
t F  I 6 . t  I H E H  3 ? ? E
GoT0 3883
P R T H T
P R , I H T  U S I N G  3 7 9 A
I f t F E E ' l T E R f i T l 0 N . ,  I  l X ,  . t N I T l R L .  

r  l g x ,  . c R L c U L F T E D -
P R t | t 7  u s l l r c  3 g t g i  t 5 , F A f F 2
I ' T R G E  3 x , 3 D f  l 3 x r  3 D . . D ,  l 2 x , 3 D .  a D
l F  l 6 > t c  T I { E H  3 8 { 9
G0T0 3850
P R I H T  ' I I I L L  H O T  C L O S E I  

'

t F  t 5 ) r t  T H E H  3 9 ? e
I F  R B S ( B t S ( F s ) - R E S ( F 2 ) ) ( . 0 c 3  ? r { E H  3 g o 0
F 0 r B t S ( F Z )
R{ rO
c0r0 3659

I
IF  HOT F?  THEH

P R I H T E T  I S  I 6
ELSE

P R I X T E T  I S  O
E H D  I F
P R I H T
P R T H T  U S I H 6  3 g 3 e i F 2 , x , Y , R
IHBGE 'FRCT0R OF S f iFETY.  ' ,  3D.20  ,  '  i t  f r  .  ,  tD ,  .
PR I r{T USI HG 3950 ; E t
t n R G E  ' E R R I H 0 U f i K E -  . , 2 D .  e D
I  F F9 T} IEH '380
P R I N T
R 3 t -  -

I  HPUT .  DO YOU I I  t  sH R FoRIIRL PR T NToUT (Y/H) ,  ,  f f f
I F  U P C I ( F t C  I ,  I  J ) r - N '  T H E H  a g A O
P R  I  H T E R  t S  g
l n n G E  0 ' l t R T E R  U H t T  l t E l G l l T ' . r 3 0 . 2 D
PR I  HT UStxG {93€  i  Ha
I F Sg THEH

PR I T{T
tHRGE TSUBI IERGEHCE AT .3D.20 ,  .  FROi l  . r  3D.  lD ,  .
P R  I  N T  U S  t  H c  r 0 6 9  i  S B ,  5 6 ,  S z

EXD I  F
P R T H T
PR I  HT '  P0  I  NT X-ORD
I  I |RGE 4  D ,  7D.  2D ,  ?D.  2D

Y - O R D '

J' t r r

3520
36  30
3510
3650
3659
3678
3680
3690
37sg
3710
3720
3730
37  1g
3?s6
3768
3779
3786
3799
3889
38 rg
382A
3830
38 {0
3850

I  1 8 6 9
Zleta

3480
38e  I
3990
390 r
?992
3903
3t0.
39ss

.  39 r9
3928
3939
394A
3  950
395 r
3969
395  I
397 s
39 9A
399  r
{330
{o4  I
{oa I
{ 050
{96  0

q76
I7 t--  Bg0

r  990
{  100
r t  t g
1 r20
. t 3g
a r d f t

t r  . r { D ,  t  P r  - j a D

F O R  t r l  T 0  P l
P R I t { T  U S I H G  { t 0 0 i  t r p ( 1 ,  l ) r p ( l r 2 )

' {EXT I
F E . I H '

T 0  . r 3 D . t D



{ t : , r r  l r  l n l t  I i l t r L l  I
{ l r j t l  l i f n [ E  { . . S l r r
. l i . u  F U r .  l . l  f 0  L t
. 1 8 0  F F : l t { I ' U S t r { C  { l r . S i l , L ,

)  t r r h l  - r r l i

I r l l r L r l , i ' ' , ! r l , i r .
{  t  9Cr  r {ExT  I
. e00  PR t  r rT
.2 rg  PRTNT - su tL
ED '

U I I I T  } J E I G H I 9fr T ttF f' 7

a 2 ? 8  l | f f t g E  3 D f  l 5 D ,  I T D r r f r , t X r 3 R
{ - 2 3 9  F O R  I .  I  T 0  S  I
.2<0 PRl l {T  uS  l l { 6  1229 ;  t ,  52 (  l ,  t  ) , s2 (  t , 2 )  r  s2 (  I , 3 ) ,  sb i4250  uExT  t
. 268  PRTHT
.279  PR IHT  'CTRCLE X -ORD Y - O R D  R R D I U S  F R C T O R
4 2 9 0  I H n 6 E  I  2 D .  D ,  7 0 .  D ,  ? D .  D ,  g D .  2 D
. l e 9 a  P R T H T  U s I N G  1 2 1 g i X , Y r R r F 2
4 3 O O  P R  I  H T
. 3 I 8  P R I H T
4 3 t t  f l t . ' -
1 ? 2 9  I H P U T  ' D 0  y O u  t  I s H  R  D I R c H o s T t c  R u N  ( y / H ) - , g r
{ 3 . 1 9  l F  U P C I ( R f t l D t : ) . . H .  T H E H  r 3 Z O
{ 3 5 9  F g .  t
a 3 7 B  l F  U p C r ( R t c t , l J ) ( > - H .  T H E H  7 2 g
1 3 ?  |  F f ' .  '
.13E0 I  HPUT 'DO yOU I , ;RNT TO C0HT I  l fUE
a l g g  r F  u p c r ( 8 r t  I ,  I  I  ) (  ) . H .  T H E H  6 3 g
. { 8 I  D T S P  '  F I H I S H E D  I
.4 r3  S?oP
a 3 2 B  L o g o t  P L O T T E R  l S  1 3 ,  . E R f i p H l C S .
.530  6RRPH I  CS

- . {sae scn lE 0rssgr  0 ,  {5 t
I 5 5 €  L O a C  z
-1569  FOR l .g  TO S
-  1 J 7 A  L o g o ( t ) r - e t 7 s

a 5 8 g  L o g o  ( 2 ) . - { 3 S 2
a59g  l r tS r t -  I
. 1 6 0 8  G L O F D  L o g o ( r ) r g r R
f 6 r  g  H E X ?  I
a6Zg FOR t r6 TO l {
{ 6 3 0  L o g o (  t  ) r - 2 t  l 3
a 6 a 0  L o g o ( 2 ) r - { 3 5 2
4 6 J 0  R r { J { -  I

. . q ! 0  . G L b R D  L o g o ( r ) r 0 r R
a67g HEXT t
{ 6 8 9  F O R  I . t S  T O  Z l
4 1 i 9 8  L o g o ( l l r - ? t ? S
a 7 g g  L o g o ( 2 ) r - { 3 3 2
a T l g  R - f 5 { - I
1 ? 2 9  G L O R D  L c A o ( r ) r g r R
a73g  HExr  I
a T r O  C S  I Z E  t S / q .  S { ,  g r l s
{ 759 }f oYE 2? , . . 'g
1760  LREEL -HORROCXS'
1 7 7 9  i l o v E  2 7  t . 3 7
1 7 g g  c s I z E  l 3 t t . 5 4 , g / 1 5
. 7 9 9  L R S E L  ' E H G  I  H E E R S '

C O H E S  l O t r  . L C l t F l r  (  e t  g ) s -

r r ( se ( I r 4 ) )

OF  SRFETY '

( Y / H ) . r R 3

{ e00

eil
./,t39

DUr lP  CRRPH t  CS .30 ,  {5 {
6CLERR
E X I T  G P R P H I C S
RE TURI{



O Slope stabiilty progrem

.jg'trt P. CROSE. P.E* tl. ASCE

ortr Plcasrq $an flt'
P"otd gqrtr

5?S Orurmy
l*ot'Edr. -p|

: .  _
t t t

For xrnrrlL or. srrn.hadc rlopcr. thc
indcr oi rtebiiiry virh rcrocct to a luci'
den frilrrrc ir kaortn rr the ztety i:ctcr
of tbc rlopc, Tbc rrfcty ficror qry bG
tcffaed rr lhc nuo of the Potcntiel
rcrirtinB forecr to l5e drivc forcc* rcnd'
ing o etutc tnovc:;:cnt. A riopc on the
ycrgc of irilsrc *otr td hrve e refcty fac'
:or of I .0. The lnrryrig of i looe str ri i i ty
'.J. :hcrcfotc. :.le rnaiytical Ptccdur?
cf cietcrmrnin3 i.t:c nosr crilical. i-=.
ifig tgwcsr. frscr cf satlety of 3iven or
promscd rloP.

Mrnuel crctlcrir of rloPa rubilitY
raeiyrit were.'dctiopcrt grior lo thc
roueat of rbii,eerronic €omDutcr.'
Trcse tpprcleis rcruitcd in high tnal'
yrir coru end bni*rdvc llooc ccnriS'
urrtioar. ecgdidyi crle:rbtionr lc:tdcd
tlcodv; ioitHAoutsri:cd metber i

rnd aumspur irograrnr gdrt thet lavi
bcaq.rritten {or-.!rr3e compulcr 3yl: ;
lemr to pcrforui iiop. rtability anrlyrir -
rac6rdin3 to i:euobar of tbcoraicel
mctbi ls-  .  l ' , - ' .  "  " ':'--C;-;*Piifcd' cr modificd Bishoi
incrriod ir rcrriaebly reunta for met

lurgcs ubcriilc rlopo undcr rnrlyrir
crn bi asumcd'ro fril rlon3 r cirnrler
irilurc- rurfrcriTag.Ircor of nfety ir
danqcd iii. tt-.3 rrtio of thc rcrisring ;
moaicntf 'to diivin3 moorcoll rround
.!g &nter..of tle feiiure rrc' Iaitielly, r'
cors-riction or':i!e rlopc ii dRwn- '
dcuilin3 

-toil 
lrrr'.e rnd giczorncuii'

iurfie.,r crlter pinr ir thcn ebosca
from vbicb il ri'e ;r telsn thruulh rbc
#rr-rcirioa. Tlir"tle FBPtclcntr' lbc.

' fiiiurc rurfaelnder ctrluetion- Tbir
feilurc:oac ir broie"'r dowa into a rcricr
of rlicsc whicS'e:r oe individuelly evei-
urr?d for tbdg.-vei3hr rnd. ltrcngth
chrncrcrirtier' ,ri ilturtretion of I
:lopc cr'ir-rcrrion'bcing dcfincd by I
rericr of diccr ir rhowc in FiSurc t.

The forcce rcJo3 on cecb rlicc rtc
iltusretcd ir.r Figure t, tbcrc aX'ir thc
width of tbc.riicr. W h the veigirr of
ghc rlicc. T ir ric forec rctia3 elong thc
frilurc rurfecs rt the bouocr of thc
rlicc. F ir thc aTcclive forca ecting nor'
rnrlly lo thc brc of thc rlice end I is
thc inclinrtiol of tbe frilurc rurfrcc ot
rlicc bga Tbe frctor of sefetY it
dcfincd rr:

GtSO{556r82tdJ lOnTt lrSo 1.8

E r

* { C S X  + F I t r , n o l r c c 0- - -
I  +  t a n S t r n O

r

I W r i n g

Whcrc C ir thc cohcsion. O ir rhc fric'
tion rngic rnd the rumnetion occurl
ovcr ceclr dicc of thc feilurc tone. Ar
the iectqr of refay, F. Gun on bolh
ridcr of the cqurrion. An intcnctive
rolution whcre F b initielly cstimetcd
rnd tbco brci rubtitutcd until thc crl-
cuhrcd F rnd crtirnrtcd F clorc within
r rpcsificd tolerancc.

The equltion c:n bc modificd to hen'
dle tvo rddi l iunal condir ions by er ' tding

rddit ional frctors to thc terrn r icnning

lhc driving forcc- Thcsc trro ccnciitions
rrc rtrnciing poir, i.c- rubmcrtenc€ gl-

r ?ortion of thc rloge rnd eenhquakc
ioeciin3. For rubmcrgcnc3. the weiSht

rt'pltcs tctint lbovc tlrc rlicc il ldded
to tb€ ucight of thc llicc irrcif. Thc
loui drivin3'forca ir inercrrcri.or dc'

Fiilra t FNo tdr I dr= rio rE a Jcerr

crc:rcd by thc wcijht of wrtsr rbovc or

bclor thc crit of tlc frilurc rurfecc
frorn thc dopc- ftrc rrrood condition of
certho.urkc loeding ql bc h,aadteci by
incrcaring thc driving fme cslcuhleri
for crch rlicc by EWcsr€. uhcre E ir
thc carthquaka lordio3 frctor. Sirniirr.
Iy the resisting iore ir dcc:'cnscri by r
dcsrcasc in thc normrl folcc due to tnc
cariho.ueie lorriing.

Foilowin3 thc celsulrtion of thc safc.
ty fretor for tbir tre, ths ceatcr or
radiur ci thc rrc ir moctiicd to gencrtte

! ncrr feilurc surt'ee. The previouriy

rncntioacd prccdure ir r 5ein folloued
witb r ncv ftcror o( lfcty bcint Elclcr-

t

fe/it'Z'twt t Uf*lqis*En td tt ifl 'trnrntF. raid b {5. ar l'ot '?''E' td er.
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fHt
rnined- Thh carirc tequencc ir regcetcd
until rhc frilurc grrfrcc for rhe rnini-
mum fictr of sfcty ir detcrmiocd.

Thc prognm ioetudcd in tbir rrticls
lollosr ihc remc aencnl prccdurc r
prcvioudy dcfned. Thc prognm can bc
brolcn dorn into nine rcameae Lin:r
100-620 rn inprr rorrtincs for thc cntty
o{ den defninj 3hc sror&rccrion. lincr
6yl.7t0 dctrc rhc circlc tbet uill gcn.

Grrre thi.frilure rurfiec,.linci ?20-t60 cech rticc rnd thc rcurl itetztivc rolu-
pcrforrn r wrifictrion tbet tbc frilurc iion fcr. rhc frqor o( nfery c€ui3
rrc fellr fully withia thc crqr-rcction bctwccn linet 3610 rad 1950. Thc
rad lincr 8tDl8{0 dcfinc thc intcr:e- rcmeindcr of thc prognm ir thc formsl
tbn poinu bctwccn thc liic tctmcntl oulput of thc rcruttr.
rad iha frilurc rrc. Tbe rlicc rny 

's 
The prognn includcr I dirgnortic

tct up bcrrcca linc lt50 rnd 2220. print-out whcrc rll thc rlice prremctcrl3
yirh rlie bosndericr dcfn€d in lincr cen bc dirpleycd for rny Siven frilure
2t3GZtlO. Uncr 2JlGt6m includc srfrce. Ar csrrcntly coafiSurcd thc
$G dcfinition of the roil prrrmctcc for prof rsm cen hrndle rnodclr includin3
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ifyin' thc v:luc of Sg u linc 150 rnrl rnd lhc irrprrt Frtlrnclctl- tt 't{uitGd to

ifrniinf rhedimenrionin3o(arnyrA. rJcfinc lhc croas'3cd;on firr lhc pru'

F rnJ Z. 3trrn. T}c ramJrlc crcculion in thc bol

A crort.rcction ir dravn of thc rlopc thors thc typicel iopnl rcqrtcncc rnd

rhorin3 rll ralil ttran rnd fcroarcrric output formltr. Thir rcrult ir aot nccrEl'

rurtrci Elsb intcr:cct point bctwccn rerily thc mioimurn fectot of rrfcty for

lincs on lhc crcr.r€Egion b nombcrcd, lhir slopc, but the fiaor of rafcry for
ritb l53 oontrrai$t tht rll pointr tlong rhc rgccificd failur- 3u;ficc. Additionrl

tbe &tp linc murt bcnurabcrcd csarcrt- ruat 3hould bs mrdc uring dilfcrcnt
rit=ly'from lcfrio:right initirtia3 vitb ecnter rnd rrdii until 3hc rrinimum
goini l. Ptfos thncettr tbe top linc mry flctor of rfay ir lstcd.
bc luarbcrcd ia riry'ocdcr. Thcrc poinrr Thc prognm prercrnld hcre ir the

. rrl rhca dcfincd llth X rnd Y srdi- Duclsut from rhicb syD3ear rpccific cn.
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*fc*ffi ffi ffi rt***#*#***#*#ffi **.*
- SEDPC

SEDTHOT I I HODEL FOR THE IBH PC,/I(T
COIWERTED BY TECH ENGINEERING TNC.

V E B S I O N  1 . 1 0  H o V E H B E R  l 7 , l 9 E 3
***+f**r****nkrt***rkr'c.3r".Jr{t***..'.{r**Jc****.*.*.i***}t******ffi

T'NIVERSITY OF KENTUCKY COHPUTER HODEL
OF SURFACE HINE HYDROLOGY AI.ID SEDIHENTOLOGY
FOR HORE INFORI{ATIOH CONTACT THE AGRICULTT'ML
ENG INEERIHC DEPARTHENT

THE IIK HODEL IS A DESIGH HODEL DEVELOPED TO PREDICT
THE HYDRAULIC AT{D SEDIHENT RESPOIISE FROH SURFACE
HINED I.AilDS FOR A SPECIFIED RAIHFALL EVENT (STNcT.g smRH)

'  vBRSrOlt  DATE g-23-S3

DISCLAIHER: NEITTIER THE TTNIVERSITY NOR AIIY OF ITS EHPI,OII'EES
ACCEPT A}IY RESPONSIBILITY OR IEGAI LIAEILITY FOR THE
CONCLUSIONS DRAWN FROH THE RESULTS OF THIS HODEL

*.&.}t'(***J.**..L*.}**Jnk*,*t'f**.:l*j*****tP***#*ffi*.&r+*n***f*ffiffi

-'t****'********'k'-t'****rtrb****'*';'h?***'******-et.*r"L*******{rt(***ffiff**rt**ffi

*.st**rb*****fr.k-&tr*ffir***J^-**.**rLft k**#**ffi W*ffi *ffi ffi rt
* *
* THE FOTLOUING VALUES ARE NO$T PREDICTED BY SEDIHOT tI.
* THEY CAN BE FOUHD IN ST'}I}IARY TABLES .
* I. PERIOD OF SIGNIFICATIT CONCEilTRATIOH
* 2, VOLI,UE T{EIGHTED AVEMGE SETTLEABLE GONGETITRATIOTT
* DURING PERIOD OF SIGNIFICANT COHCE}TTRATIO}I
* 3. VOLTIHE TJEIGHTED AVEMGE SETTLEABLD CONCENTRATIOIT
* DURINC PEAK 24 HOUR PERIOD
* 4. ARITHHETIC AVERAGE SETTLEABLE CONCEHTRATIOH
* DURING PERIOD OF S IGNIFICAITT COTICE}JTRATIO}I
* '. ARITHHETIC AVERAGE SETTLEABLE CONCENTRATIO}I
* DURINC PEAK 24 HOUR PERIOD
*
:T ALL CONCENTRATIOIIS ARg ril HL,fl,.
*

*
*
*
*
*
*
!t

rt
t
*
*
*
*
t

**#*rr&#*{rffi *!***r**'ffi ****rr-t*ffi **rffi *ffi ffi



** *****#**# fr*:trHntffi *ffi * *r****ffi ffi

I '|ATERSHED IDEIfTIFICATION CODE

POIID A - ?'-Y-EAR, 6-HOUR STORT{
SCS TYPE B STORI{ DISTRIBUTIOH

DRAINAGE ABEA REVISIOH
RTIN DATE = 7 HAY 1992

**H**#*ffr***Cr*'*rh INPUT RAIIIFALT

VALUE DEPTH

PATTERN*ffiffi

TIHE

.00

.50
1 .00
1 .  t0
2 .00
2  .50
3  .00
3 .50
4  .00
4 .  t0
5 .00
5 .  t0
6  .00

I
2
3
4
5
5
7
E
9

10
l l
t2
l 3

. 00

.06

.14
,24
.4L

l . 0E
I  . 26
I  . 40
1 .50
1 .  19
I  . 6?
L .74
I  . 80

INPUT PARTICLE SIZE-PERCENT FINER DISTRIBUTIOTS

s IzE,HH

PCT F INER }IO , I

.2 t0  .100  .050

.000
100 .000  t0 .000  35 .000

.000

.0 I0  ,00 t  .001

19 .000  15 .000  6 .000

***##**ffi ffi *** ir** f NP UT VALUES ****ffi *ff *rlrt***#*

STORfi DIIRATIOTI
PRECIPATION DEPTH
SPECIFIC GMVITY
LOAD RATE EXPONENT PACTOR
SUB}IERGED BULK SPECIFIC GRAVITT

-

6 .00 Hotns
I  .80 IHCHES
2.50
l .  50
I  .25



*  *  *  - *  *  *  *  *  * *  * *  *  * * *  * *  *  * *  * *
JUNCTIOil I , BRANCH 1, STRUCTURE I

* * *r *. * .* * * * * * * * * t'r * * *. * * * * *

*** HTDN.AUTIC INPUT VALT'BS POR STNWATERSHEDS #

SJATER AREA
SHED ACRES

CURVE TC
NT'HBER HR

1T NOUTING COEFFICIENTS I'NIT
HR K.HRS X HYDRO

.00

.00

.00

I
2
3
4
5
6
7
I
9

l0
l l
t2
l3
l 4
l 5
16
t7
l 8
l 9
20

3 .  70
.97

r  . 08
.25

1 .49
.78
.08

2 .  13
I  . 39
2 .95

.70
2 .79

.35

.30

.65

.69

.22

.34

.08
2 . t 2

76  , 00
75  . 00
83 .00
63 .00
75 .00
76 .00
83 .00
75 .00
90 .00
90 .00
90  .00
90 .00
90 .00
90 .00
90 .  00
95 .00
90 .  00
e0.00
90 .00
76 .00

.090

.040

.02  t

.  012

.034

.034

.01 I

. 055

.220

.145

.  021

.247

.069
,026
.079
.01 I
. 020
.07  6
.009
.037

,  010
.030
.030
.030
.080
.090
,030
.080
.030
.090
.0 r0
.070
. 030
.030
.010
.000
.000
.000
.030
.030

.000

.000

.000

.000

.000

.000

.000

.000

. 000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.00

.00

.00

.00

.00
,00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.0

.0

.0

.0

.0

.0
,0
.0

1 .0
1 .0

.0
1 .0

.0

.0

.0

.0

.0

.0

.0

.0

*** SEDIHENT INPUT VATUES FOR STIBT{ATERSHEDS ffi

IIATER SEG SOIL
SHED HT'H K

LEUGTIT SIOPE CP
FEET PCT VAttIE

PART
OPT

SI'RF
COND

I
2

I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

.00

.00

.00

.00

.00

. 00

.00

.00

.00

.00

.00

.00

.00

.00

.00
,00
.00
.00
.00
.00

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

. 0 0

.00
,00
, 0 0

.000

.000

.000

. 000

. 000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000
,000
.000
.000
.000

1.0
1 .0
r .0
1.0
1 .0
1 .0
1 .0
1 ,0
1 .0
1 .0
1 .0
1 .0
1 .0
r .0
1 .0
1 .0
1 .0
1 .0
1 .0
1 .0

.0

.0

.0

.0

.0

. 0

. 0
, 0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
,0
.0

3
4
5
6
7
I
9

10
I r
l 2
l 3
14
I t
l 6
l ?
l 8
l 9
20



* * * COHPUTED VALUES FOR INDIVIDUAL I|ATERSHEDS * * *

HAIENSHED PEAJ( FIOH RU}TOFF SEDII.fEHT DIAI,I
( cp's ) ( rNcHes ) ToNs (!o{ )

DELIVERY DELIVERY
RATIO I NATIO 2

I
2
3
4
5
6
7
I
I

10
1 l
L2
l3
L4
l5
16
L7
18
l9
20

o

I  .02
.27
.59
.14
.41
.21
.04
.59

1  ,06
2  .39

.62
2 .08

.31

.27

.58

.81

.20
,30
.07
.58

.32

.32

.56

.55

.32

.32

.56

.32

.93

.93

.93

.93

.93

.93

.93
l .29

.93

.93

.93

.32

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
,00

. 100

.100

.100

.100
,100
.100
.100
.100
.081
.087
.  100
.0?9
.100
.  100
.  100
.100
.100
.100
.100
.  r00

I  .000
1 .O00
I  .000
I  .000
I  .000
I  .000
1 .000
1 .000

.910

.940
I  .000

.69E
I  .000
1 .000
r  .000
I  .000
I  .000
1 .000
I  .000
I  .000

I  .000
1 .000
I  .000
I  .000
1 .000
I  .000
I  .000
I  .000
I  .000
1 .000
I  .000
I  .000
I  .000
1 .000
I  .000
I .000
1 .000
1 .000
I  .000
I  .000

}IOTE: SEDIHENT DOES }IOT INCLT'DE POSSIBTE DEPOSITIOII BY DELIVER.Y RATIO 2



rL*ii'** SIjHI{ARY TABTE FOR TOTAL T|ATEBSHf,! *m

RT'NOFF VOLWE
PEAK DISCHARGE
AREA
TIHE OF PEAI( DISCHARGE
BETA
MIHFALL EROSI?IVITY FACMR
PEAK CONCENTRATION
PEAK SETTLEABLE CONCENTRATIOIT
PEAI( SETTLEABLE CONCENTRATIO}I
TOTAT SEDIHENT YIELD
REPRESENTATIVE PARTICLE SIZE
TIHE OF PEAI( CONCENTRATION

-

!

-
=
f

a

a

I  .  lgg4
12 .0044
23 .0600

2 .  50
.0100
9 .  59

.00
,00
.00

.0000

.0001
.00

-6 .90

.00

.00

.00

.00

ACRE.FT
cFs
ACRES
HRS

EI T'IIIT
rrg/L
rrL/L
HG/T
TOIS
H!,1
HRS

HRS

fiLlL

nLft

ltL/\

fiLft

PERIOD OF SIGNIFICAITT CONCENTRATION=
VOLTIT{E T{EIGHTED AVERAGE SETTLEABTE

CONCENTRATION DURING PERIOD OF
SIGNIFICA}IT CONCENTRATIOH !

VOLTJHE T{EIGIITED AVERAGE SETTLEIBLE
CONCEHTRATION DURIHG PEAK 24 HOUR
PERIOD r

ARITHI{ETIC AVERACE SETTTEABLE
COHCENTRATION DURI}IG PERIOD OF
SIGNIFICANT CONCEHTN,ATIOII I

ARITHHETIC AVEMGE SETTLEABLE
CONCENTR.ITIOH DURING PEAI( 24 HO['B
PERIOD =



* *  *  * * * * * * * * * *  * * *  * * * * * * * * * * *  *  * *

POND RESULTS

*  *  * *  *  t ' r  *  *  *  *  *  *  *  * *  *  *  *  *  *  * *  * : l  *  * * * *  *

ffi** CONTRQL VABIABLES OPTIOHS ffi

FLOTI FRACTN I SDO NRIIP HSP HCSTR

500

***** BASIN CEOIGTRI Hrffi

11

STAGE
( r r )

AREA
(ncnus )

AVERAGE DEPTTI DISCHARGE
(m) (crs)

CAPACITY
(lcnns - Fr)

.00
,10

2 .  l 0
4 .  1 0
6.  r0
5 .60
?  .00
7  .40
7 .80
8 .20
8 .  50

.  201

.203

.24 t

.259

.2gg

.306

.  312

.3 l g

.325

.331
,335

.00
,  . 10

2 .01
3 .  88
5 .  70
5 .  l 4
6 .  50
5 .  g5
7  . 20
7 .55
7  . 81

,00
.00
.00
.00
.00
,00

8 .  g0
20,20
42  .50
69 .  40
93 .  70

.00

.02

. 46

.97
1  , 54
I  . 69
l .82
l .  94
2 .O l
2 .20
2 .  30



**-jr-r* sToRH El/EtfT sIIHt{ARy ***#

TT'RBULENCE FACTOR
PERHANENT POOL CAPACITY
DEAD STORAGE
TIHE INCREHENT OUTFLOI{
VI SCOSITY
INFLOI{ RTINOFF VOLTIHE
OUTFTOT{ ROUTED VOLI'}IE
sroRu voLtrHE DTScHARGED (pr.uc rmry)
POND VOLTTHE AT PEAK STAGE
PEAK STAGE
PEAK INFLOW RATE
PEAK DISCHARGE RATE
PEAK INFIOT.J S EDIHENT CONCENTRATION
PEAI( EFFLUENT SEDIHENT CONCE}ITRATIO}I
PEAK EFFLUENT SETTLEABLE CONCENTRATION
PEAK EFFLUENT SETTLEABTE CONCE$TRATION
STOR}.I AVERAGE EFFLUENT CONCENTRATION
AVERAGE EFFLUENT SEDIHENT CONCEHTRATION
BASIN TRAP EFFICIENCY
DETENTION TIHE OF FLOT{ T|ITH SEDIHENT
DETENTION TIHE FROH HYDROGRAPH CENTERS
DETEIITIOH TIHE INCLUDING STORED FIOII
SEDIHENT LOAD DISCHARGED
PERIOD OF SIGNIFICANT CONCETITRATIOTI
VOLT'HE T.IEIGHTED AVERAGE SETTLEABLE

CONCENTRATION DURING PERIOD OF
S IGHIFICAI,IT C0NCENTRATION

VOLUT{E T{EIGHTED AVERAGE SETTLEABLE
CONCE}TTRATION DURING PEAI( 24 HOITR
PERIOD

ARITHI{ETIC AVERAGE SETTLEABTE
COHCENTRATIOH DUN,ING PERIOD OF
S IGNIFICA}IT CONCENTRATIO}I

ARITHHETIC AVERAGE SETTLEABLE
CONCENTRATION DIJRING PEAI( 24 HOIJB
PERIOD

r  1 .00
!  1 . 6 9 3
= 20 .00
=  .10
E  . 0 0 9
=  l . 188
-  1 .188
=  l . 188
=  f . 818
a  7  .002
=  12 .004
.  8 .  949
=  , 00
=  .00
a .0000
r  . 00
=  . 00
a  . 0 0
=ffiffi**

ACRE- PT
PERCENT
ItRS
CHrr*Z/SEC
ACRE-FT
ACRE.FT
ACRE.FT
ACRE. FT
FT
cFs
cFs
HG/L
IIG/L
til./L
|tG/L
uG/L
ltc/L
PERCEHT

-
-

. 17  HRS

.17  HRS

. l7 HRS

.00 Tolrs
- r .  ?0  HRS

.00 fiLft

.00 I{L/L

.00 r{L/L

.00 HL/L

*** RIIN COHPLETED
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Trapezoidal  Channel Analysis & Design
Open Channel - Uniforn flow

t{orksheet Name: POND A

COnNent: TNLET WITII REVTSED

Solve For Depth

Given fnput Data:

Botton f{ idth. .  . .  .
Lef t  Side Slope.  .
Right  Side Slope.
I ' f ann ing ts  n . . . . . .
Channe l  S lope . . . .
D ischarge . .  . .  .  .  .  I

Conputed Results:

Dep th .  . .  . . . . .  .  i  '  r
Vg loc i t y . . . . . . , . .
F l ow  A rea . . .  r  . . , .
F low Top l { id th . .  .
l{etted Periureter.
C r i t i ca l  Dep th .  .  .
C r i t i ca l  S lope . . .
F 'roude Numbgr.  .  . .

DRITTIAGE ARE.A,

11.  00  f t
1 .00 :  I  (H :V)
1 .00 :1  (HrV)
0 .035
o.2ooo f t l f t

12.00  c fs

0 .19  f t
5 .95  fps
2 .  02  s f

11 .36  f t
11 .51  f t

0 .33  f t
o .  0269 f t l f t
2 .49  ( f l ow i s

Open Channel Flow Module,  VersLon 3. l l  (c)
Haestad t{ethods, Inc.  *  37 Brookside Rd r

Supercrltlcal)

1990
I{aterbury, ct 06708
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Trapezoidal Channel Analysis & Deslgn
Open Channel - Uniforu flow

Iforksheet Nane: POND A

Connent I OTITLET WTTH REVTSED DRATNAGE AREA

So1ve For Depth

Given fnput Data:

Bottou t{ idth. .  . .  .
Lef t  Side Slope.  .
Right  Side Slope.
I t fann ingrs  n , .  - . . .
Channe l  S lope .  . . .
D ischargg . . .  r  .  ,  . .

Computed Results:

D e p t h . . .  i .  r  '  r . . . .
Veloc t t y . . , . . . . . .
F I o w  A r g a . . . r r . . .
Flow Top Width. .  .
Wetted Perimeter.
Cr i t ica l  Depth.  .  .
Cr i t icaL s lope.  .  .
F roude  Number . . . .

Open Channel FIow l-lodule,,
Haestad Methods,  Inc .  *  37

11.00  f t
1 ,50 :1  (H :V)
1 .50 :1  (H :V)
o .036
0 .45O0 t t l tE
8 .90  c fs

o .  12  f t
6 .68  fps
1 .33  s f

11 .  36  f t
11 .43  f t
o .27  f t
o .03o1  f t / f t
3 .44  ( f l ow ig

Vers lon  3 .11  ( c )
Brookside Rd *

Supercrl t lcal )

1 9 9 0
I{aterbuEyr ct 06708
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SEDPC . -

SEDIUOT II HODEL FOR THE IBU PC/TI
COIIVERTED BY TECH ENCINEERING INC.

VERSION T.10 NOVEUBER 17,  1983
*.:1.i,'lkJcr'rrl*t'!t'r,:lr.,n'r:Fr****t'c*tc:l':'..frr'.':?rkrkrlr:trktr*trr;tff **':t'td/"*"^'*r'**'{r**'r'-'?l*'-!'-r-*++'*:l**:'*ltc

.!..r,.!...D'-1..t .1 .!..1-!-'--rr.t .r.**:k**.*:'rr'r:kCrrk.i;-.'..:ktit'if***lr*lHr**t{**lnk**'irl'*-}*:l***L*.H'F**:kfrJ^'*
- r . . . a a a a ^ a r . t n n - . .

:krk:'rrkr'rrkrt*****#..***ttrk*'irl'*'***".i'J^'*'**'J;****:'c***tt***'j.-;'*4rJfitr**t'r'**+r****Jr.l**'

I'NIVERSITY OF KENTUCKY CO}IPTIIER I{ODEL
OF SURFACE T{INE IIYDROLOGY A}TD SEDII{ENTOIOCY
FOR HORE INFOR},IATION COiITACT TIIE AGRICULTTIRAL
ENGINEERING DEPARTMENT

TIIE IK HODEL IS A DESIGN HODEL DS''EII}PED TO PREDICT
THE HYDMULIC AI-ID SEDIHENT RESPONSE FROI{ SI'P.FACE
HIITED I,AI-IDS FOR A SPECIFIED RAIiIFALL EVENT (STNCLC STORU)

VERSION DATE 9.23.83

DISCI,AI}IER: }TEITHER THE T,T.IIVERSITY NOR AIiTY OF ITS EHPLOYEES
ACCEPT AI'IY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAT.JN FRO}I THE RESULTS OF THIS I-IODEL

:k:f,.2'r:t.lA*'*,Jx**tttt***:lt.r'r:k:t:'r:l':lt'r***:'*?*lf***JJ*{i{'*#.,-tffi*r-#-lrfi**lH!l$#***tt*:t*

zl'szl';l-i.-;r:?',1'*-ts*r'r*:klrJdr*'rt'L-*-..'*'********t'{******'**'**r's',#ir$rfer'r****:'rJs**tk**rk**'

.&*'.,i.il..t*.t'.*,tt**.&.-L**rk***.:...*..}****ri.**ffi*cr**#***#ffi****

*
*
*
*
*

*
*

*

*
*
*
*
*

*

*
*
*

THE TOLLOI{ING VALUES ARE NOT{ PREDICTED BY SEDIHOT II.
THEY CA}I BE FOTTND IN ST'}IMARY TABLES.

I. PERIOD OF SIGNIFICANT CONCENITATIOII
2. VOLTIHE WEIGHTED AVERAGE SETTLEABLE CONCENTRATIOH

DIIRING PERIOD OF SIGNIFICA}IT CONCENTRATION
3 . VOLT'UE T{EIGHTED AVEMGE SETTLEABLE CONCE}TTRATION

DURING PEAK 24 HOUR PERIOD
4 . ARITHUETI C AVERAGE SETTLEABLE COI.ICEIIIRATIO}I

DI'RING PERIOD OF SIGNIFICAIIT CONCENTBATION
5 . ARITHMETIC AVERAGE SETTLEABLE CONCENTRATION

DURING PEAK 24 HOUR PERIOD

AtL CONCENTRATIONS ARE II'I I,ILA.

.^L.,k:k:'r**:.1nkr'r:k:'s:t*:?t'r**:?:'r'&l!..k:t'*t'r*****l-ir','rr1-,'rrk',!:h?9r:'rt'rt'r'^Lr3'rj'Fkrji**'It'c'&dr***'k**'.k'^cl'{f



t'crt**rW****rl*'*:t'.1"ic"'.'r'.{r*r?r?':Frt*J*J*t'r?r*.t' :l**+r****lhal

I{ATERSHED IDENTIFICAIION CODE

POIID B . ?5-YEAR, 6.HOI'R STORH
SCS TYPE B DISTRIBUTION

/c*fr',.i.n*-lhHhffi **-r"*'icJ<t'ct'<*:'c:t***:?:'n'rl'rdrl'r*t'ctf *r/f #r**#**

*#**-l,t'rfc**','r***r#;H INPUT RAINFALL PATTERN *ffi*rHHW#*'^L

VALUE DEPTH TII{E

I
2
3
4
,
6
I
I
9

10
l1
T2
t3

.00

.06

.14

.24

.4 t
1  . 08
L  . 26
1  . 40
I  . 50
1 .59
I  . 67
L .74
1  , 80

.00

.50
1 .00
r .  50
2 .  00
2 .  50
3 .00
3 .50
4 .  00
4 .  50
5 .00
5 .  50
6 .00

INPUT PARTICLE SIZE.PERCENT FINER DISTR.IBUTIONS

srzE, ul{

PCT FINER NO. 1

, 250  . 100  . 0 t0
.000

100 .000  50 .000  35 .000
,000

.010  .005  .001

19 .000  15 .000  5 .000

*'*r'rrkJc'.'r***t'r*'*'ts*ll*fct'rk*'*I[PuT VALUES****'********{nF*J**^&#*

STORH DTIRATION
PRECIPATION DEPTH
SPECIFIC GRAVITY
LOAD RATE EXPONENT FACTOR
SUBMERGED BULK SPECIFIC GRAVITY

6 . OO HOIJRS
1.80 INCHES
2 .50
I  . 50
1 .25



*  *  *  *  *  *  *  *  *  r *  * ' *  *  *  *  *  d .  *  *  *  *  *  *

JUNCTTON I , BRANCH l, STRUCTURE t
* * * * :t * ?k :t * * * * * * * * * .* * * * * *

*** HTDMULIC INPUT VALUES FOR SUBWATERSHEDS *?F*

}JATER AREA CT'RVE
SHED ACRES IIUI{BER

TC TT ROUTING COEFFICIENTS T]NIT
HR HR K.HRS X HYDRO

. 00 .0I  1 .78  91 .00  . 105  . 000 . 0 0 0

** SEDIHENT IilPUT VATUES FOR SUBWATERSI|EDS +m

I,JATER
SHED

SEG
Ntu

SOIL
K

LE}ICTH
FEET

SLOPE
PCT

CP
VALT'E

PART
OPT

SURF
COND

.00 . 0 . 00 .000 1 .0

* * * COI{PT,TED VALUES FOR IIIDIVIDUAL T{ATERSHEDS * * *

I{ATERSHED PEAI( PLOLT RUNOFF SEDI}IENT DIAT.I DELIVERY DELII/ERY
(cFs) ( TNGHES ) rOUS (ror) MTro I n.tTro 2

.0

I  1 . 68 .99 .00 .100  1 .000 1  . 000

NOTE: SEDII,IENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2



r'.'?k*r-'* SUHHARY TABLE FOR TOTAL IIATERSHED *rtrs**

RUNOFF VOLU{E
PEAK DISCHARGE
AREA
TIME OF PEAI( DISCHARGE
BETA
MINFALL EROSITIVITY FACTOR
PEAK CONCENTRATIOTI
PEAI( SETTLEABLE CONCENTRATION
PEAI( SETTLEABLE CONCET{TRATION
TOTAL SEDIHENT YIELD
REPRESENTATIVE PARTICLE SIZE
TIHE OF PEAK CONCENTRATION -

.  r469
1 .6814
l- 7800

2 .JA
r  .0000

9 ,19
,00
.00
.00

.0000

.0001
.00

ACRE - FT
cFs
ACRES
HRS

EI T'NIT
\IG/L
HL/L
rtc/T
TONS
l.lH
HRS

PERIOD OF SIGNIFICANT CONCEIITRATION'
VOLI'UE WEIGHTED AVERAGE SETTLEABLE

CONCENTRATION DURING PERIOD OF
S IGNIFICAIIT CONCENTRATION =

VOLTIHE }IEIGHTED AVEMGE SETTLEABLE
CONCENTRATION DURINC PEAK 24 HOI.'R
PERIOD =

ARITHHETIC AVEMGE SETTLEABLE
CONCENTRATION DURING PERIOD OF
S IGNIFICA}IT CONCENTRATION =

ARITHHETIC AVERAGE SETTLEABLE
CONCENTRATION DURING PEAK 24 HOIJR
PERIOD =

-6 .00  HRS

.00 r+LlL

.00 ltL/I-

.00 HL/L

.00 HLlL



* * * * Jr t'r * * t'r t'r * * * * * * * :k * .,il t'r * * * * * * * * *

POND RESULTS

? ' r  *  *  * '  * '  / , r '  *  *  : b  a L ' t  * ' F ' r , t  *  *  *  *  * ' i c  *  r s  *  *  *  *  J , "  *  *  *

*r*-.'.-rr* CQNTROL VARIABLES QPTIQNS r.'*r;*rr

FLOH FRACTN ISDO NRIIP NSP NCSTR

STAGE
(r'r)

500

#*r*t'r BASIN GEQ}{ETRY crrlr{ri.*

AREA AVERAGE DEPTII DISCHARGE
(acnns) (rr) (crs)

CAPACITY
( ncnns -rr)

. 00

.10

.60

.90
I  . 20

.113  . 00

. l l 5

. LzL

. L24

.  I 2 8

. 10

.19

.89
1 .18

.00

.00
4 .1 I
I  . 44

16 .93

.00

.01

.07

.11

.L4



*:'.'t'r*?.' STQRil EVENT SITMMARY Jr***r*

TURBULENCE FACTOR
PERHANENT POOL CAPACITY
DEAD STORAGE
TIME INCREMENT OUTFLOT{
VI SCOS ITY
INFLOTJ RUNOFF VOLU{E
OUTFLOW ROUTED VOLTJ}'fE
SToRH VoLUUE DTSCHARGED (pl.UC FLoW)
POND VOLUT{E AT PEAK STAGE
PEAX STAGE
PEAK INFLOT.I RATE
PEAI( DISCHARGE RATE
PEAK INFLOT{ SEDI}'TENT CONCEHTRATION
PEAI( EFFLUENT SEDII{ENT CONCENTRATION
PEAK EFFLUENT SETTLEABLE CONCENTRATIOI.I
PEAK EFFLUENT SETTLEABLE CONCENTRATION
STORH AVERAGE EFFLUENT CONCENTRATION
AVEMGE EFFLUENT SEDIMENT CONCENTRAT]ON
BAS IN TRAP EFFI C IEI.ICY
DETENTION TII'IE OF FtOT{ T{ITTT SEDII{EXT
DETENTION TIUE FROM HYDROGMPH CENTERS
DETENTION TIME INCLUDING STORED FLOI{
SEDIHENT LOAD DISCIIARGED
PERIOD OF SIGNIFICAI{T CONCENTRATIOU
VOLIJME IIEIGHTED AVERAGE SETTLEABLE

CONCENTRATIOil DT'RING PERIOD OF
S IGNIFI CANT CONCENTRATION

VOLITHE bIEIGHTED AVERAGE SETTLEABLE
CONCENTRATION DI'RING PEAK 24 HOUR
PERI OD

ARITHHETIC AVERAGE SETTLEAELE
CONCENTRATION DURING PERIOD OF
S ICNIF I CA}IT CONCENTRATION

ARITHMETIC AVERAGE SETTLEABLE
CONCENTRATION DURING PEAK 24 HOI'R
PERIOD

-  1 .00
a  . 011
-  20 .00
=  . 10
=  . 009
a  . I 4 7
=  .147
= . t47
=  . 031
=  ,268
=  1 .681
=  1 .381
=  . 00
=  . 00
E  .0000
=  . 00
=  . 00
-  . 00
=*fi','r***r*r**rCr*

ACRE-FT
PERCENT
IIRS
CMr"*2,/SEC
ACRE - FT
ACRE. FT
ACRE - FT
ACRE - FT
FT
cFs
cFs
r{G/L
rr0/L
HL/L
rrq/L
trc/L
r(G/L
PERCENT

. 1 7  H R S

. 1 7  H R S

. 1 7  H R S

.00 ToNs
-7 .00  HRS

.00 HL/L

.00 r4L/L

.00 HL/L

.00 LlL/\,

*** RUN Co!{PLETED ffi
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Trapezoidal Channel Analysis & Design
Open Channel - Uniforn flow

Iilorksheet Nane: POND B

Comment: POND B OUTLET

Solve For Depth

Given Input Data:

Bo t tom w id th . .  . .  !
Left  Side Slope. .
Right Side Slope.
Mann ing ' s  n . . . . . .
Channe l  S lope . . . .
D i scha rgeo ,  ,  |  .  . , .

Conputed Results:

D e p t h t  .  .  . .  .  .  .  .  .  o  .
Ve loc i t y . . . . . . . . .
F Iow  A rea . . . . . . .  o
F Iow  Top  W id th . , .
Wetted Perimeter.
Cri t ical  Depth, .  .
C r i t i ca l  S Iope .  .  .
Froude Number .  o . .

Open Channel Flow Module,
Haestad l lethods, Inc.  *  37

5 .00  f t
1 .00 :1  (H :V )
1 .00 :1  (H : v )
0 .036
o .42OO f t l f t
1 ,  38  c f s

0 .  06  f t
4 .23  f ps
O .33  s f
5 .  13  f t
5 .18  f t
o .  13  f t
0 .  0385 f t - l  t t
2 . 96  ( f l ow  i s

Vers ion  3 .2  (c )
Brookside Rd *

Supercri t ical)

1990
l{aterbury, ct  05708
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Trapezoidal Channel Analysis & Design
Open Channel Uniforn flow

I{orksheet Narne: POND B

ComnENt: POND B INLET #T

Solve For Depth

Given Input Data:

Bo t t om Wid th . . . . .
Le f t  S ide  S lope . .
Right Side Slope.
Mann ing ' s  n . . . . . .
Channe l  S lope r .  . .
D i scha rgg .  r . . . . . .

Computed Results:

Dep th . .  . .  .  .  . .  ' .  ' .
Ve loc i t y . . o . . . . . .
F l ow  A rea .  r , .  , , , .
F low Top wid th .  , .
Wetted Perimeter.
C r i t i ca l  Dep th . . .
Cr i t i ca l  S lope.  .  .
F roude  Nunbe r . . . o

1 .50  f t
1 .40 :1  (H :V )
1 .  40 :  1  (H :  V )
0 .035
o .  67OO f t / f t
1 .  34  c f s

o .11  f t
7  . 34  f ps
0 .18  s f
1 .81  f t
1 .  88  f t
o .27  f t
0 .  0325  f t l f t
4 .O7  ( f l ow  i s Supereritical )

Open Channel  F Iow Hodule ,  Vers ion 3 .2  (c )  1990
Haestad Methods, Inc. * 37 Brookside Rd * waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel Uniforrn flow

Worksheet Narre: POND B

Cornnent I POND B INLET #Z

Solve For Depth

Given Input Data:

Bottom gl idth.  .  . .  .
Lef t  S ide S lope.  .
Right Side Slope.
Mann ing rs  11 . . . . . .
Channel  S lope.  . .  .
D i scha rge , ,  r . . . . .

Conputed Results:

D e p t h . . . o . . . . r . . .
V g l o c i t y . . . . . . r r .
F Iow  A rea . . . . . . . .
F Iow Top Width . .  .
I{etted Perimeter.
Cri t ical  Depth. .  .
Cr i t ical  Slope. .  ,
F roude  Number . . . .

Open Channel Flow
Haestad Methods,

10 .00  f t
1 .0011  (H :V )
1 .00 :1  (H :V )
0 .o35
0 .3100  f t / f t
0 .  34  c f s

0 .02  f t
L .72  f ps
0 .20  s f

10 .04  f t
10 ,06  f t

0 .03  f t
0 .0560  f t l f t
2 . t 5  ( f t ow  i s

Module ,  Vers ion 3  .Z  (c )
Inc. * 37 Broolcside Rd *

Supererltlcal )

199  0
Waterbury r ct  06708



S e d i m e n t  P o n d  n C n  C a l c u l a t i o n a

So l l  E ros lon  to  Pond  I tCr r

Use  the  mod i f i ed  Un l ve rsa l  So11  Loss  Equa t i on :

A -R  '  K ' LS 'V l l

Re f :  IE rae ISOn ,  e .E . ;  J .E .  F l e tehe r ,  F . t d .  Haws ,  E .K .
f s rae l son ,  198 { .  E ros ion  and  Sed imen ta t i on  l n  U tah :  A
Gulde f  or  Cont ro l  .  Utah t la ter  Research Laborator  ies  t
Logan ,  U tah ,

A = Amount  o f  so l l  loss  per  un l t  a rea
R  =  Ra in fa l l  Fac to r
K  =  So iL  E rod ib i l i t y  Fac to r
Ls  =  Topograph ic  Fac to r
Wt  =  E ros  i  on  con t ro l  f  ac to r  :

=  t . 2  f o r  ba re ,  eopmae ted  so l l
-  0 . 1  f o r  Seed l i ngs ,  B rush

For  Pond  r fn  - )

R r  L6  f t - tons /ac re /Hr .
(Hean annua l  R va lue  f rom F igure  1 ,  ( Is rae lson

K -  0 .1  tons /Ac /E l  ( I s rae lson

650+450s+55s2
L S =  (

10r000  +  s2

slope length
S lope s teepness

et

e t

BI ,  1984 )  )

81 ,  f 98 {  )

0
1
3
S

1=
D

S Iope
s  ( t l

? .5

so l  l  w t .

0 .2  f  o r
m =  0 .3  fo r

0 .4  f  o r
0 .  5  fo r

Area Ae
L s  l l t t  A  ( A c r e s )  ( f t ' / v E )

1 .?g  L .2  3 .44  1 .8 {

Dra I  nage
Area
AD-15

{  I  )  gggume

S lope
Lenc th  )  ( f t . l

{ 00

100  l b / f t r  un l t

Total Sedhent

ffigtrffffi)frNo,7900
Ifi}f,LY C.

Volure = 126 ftr

L26



2  Yea r
10  Yea r
10  Yea r
25  Yea r
25  Year

Des Ign  Even ts

5  Hour
5  Hour

? ,4  Hour
5 Hour

24  Hou r

P  =  1 . 0
P  E s  1 . 5

P =  2 .L
P  =  1 .8
P  =  2 .?

2 . t  tn .For  10  yea r  24  hou r  s to rm,  P  =

Curve Numbers

D ls tu rbed  a rea  CN =

(p  0 .2s )2
S =

P +  0 .8S

90

1000
10

CN
O=

l fat ershed
A D - I 5

T o  a l l o w  a  5

cN,
90

g-
1 .11

A  (  i n  I
1 . 1 8

Ar_ga_J Ag l
1 .8 t [

Runof f  Vo l  .  (  f t t  )
7  , 88L

?otal  Runoff  Vo1une = ?1881 f t t

yea r  f ac to r  o f  sa fe ty  fo r  sdd lmen t  s to rage :

Sed lmen t  vo lume =  630  f t t

Total Pond Volune - 0r 511 ftt



G l u i c k  7 R - 5 5  V e r s i o n :  5 . 4 5  S / N :  1 3 1 5 4 3 0 1 5 8

'i:. 'l:. 'ti 'i:.'i:, t3F:llPH I E:AL PEAK D I Sr::HAl-::t:iE I'IETHOD .:i' .:i":t' .:.' -:.

Pnnc l  f r1 * r r  Peak  D ischarpe

I:ALt::IJLATED
D I St{: F I LE: POND-I-: . 6F D

D r a i n a g e  A r e e  ( a , : r e s )

F.:r.rn * f f t]:ur ve Nr,rmb er (: |]N )
T i m e  , r f  t l c , n c e n t r a t : i r : , n r  T C  t  h r S l
F i a i . n f a l L  D i s t r  i h u r t  i , r n  t . T y p e . r
Fnnd ancl Swarnp Ar eas (.7. ' . t

1 ,8 *+
'J{t

rl. f- l9
I I
4. 4fr

St rl'F fil # I

- - . : .  O . 1

Stnrm + :

E C T R S

$t ,:rr m #3

Fr eq Lren tr y (.  year s )
Dr-rr at i on t. h nur s )
E a j . n f a l l ,  F r  ( i n i

^ I n i t  i . a t  A h * i t r a c t  i o n r
I  a /  p  E:at  i , ; ,
- I - . l n i t  D is r . :ha rqe ,  *  qL l

F . : l . r n n f f ,  A  t . i n )
Pnnr l  i r  S iwamp Ad, just rnent  Factor

PF*AI-| D I Stl:HAE:tiF_ r e[.r i,r; f s.]

I a  t  i n )

t c s m l i n )

o .  l 3?
cr .  1rJ6

I (r38
1 .  1 8
t_t, 75

2. €,Fr

:;i5
6

LB

0 .  ?33
CI .  133

I n33
O, :J3
(r .  75

?. t)'-?

1(t
6

{ e
l r r J

0 .  122
0 -  148

l r.li:4
().  f iB
f i .  

'7S

1 , 5 1

lc )
t4
? .  I

.Sutmmary ' :  f  t l l r :6Fut at  i  r t r r ts f  *r  qLt

!a /p  f i  1 .  O.  lOO O.  tOO O.  lOO
co * r  ? .553  2 .553  2 .E33
c I  *1  -0 .615  -0 .615  -0 .615
c2 s l  -0 .  x64  -o .  164 -O.  164
ou (  c sn) *1 I  O4O. l  AB 1O.4(, .  l8A I  O4O '  188

Ia /p  *2  O .3O( t  o .3 ( ,O  O.3OO
co *? i?- 455 ?.465 ?.465
cl  *? -o.  613 -0.6;13 -o.6t3

.  t r?  *2  -o .  117  -a .  LL7  -4 . l t 7
qLr (csm.) *? 974.7F5 'J74.753 974.753

+ qu (csm) 1038 1(t33 1024

*  In te rpa la ted  fo r  compu ted  l a /p  ra t i o  (he t r reen  l e /p  * l  &  Ia /p  * : l )
-  I f  c r :mpu ted  l a /p  ex { :eeds  l a /p  I  i , n i tF '  bound ing  l  im i t  f r= r  I a lp  i s  used .
-z

l eg {qu )  =  Co  +  (  C l  *  l og (Tc )  )  +  (  f ?  *  ( 148 (Tc } }  )
qp  ( c f s )  =  qu (csm)  *  A rea (5q 'm i . l  *  G t :  i n . )  +  I .  P , : ' nE l  &  SuamP Ad i . )



Pond C - l,r-bullt $trtrcturc

Stage Area data

E lev .  ( f t .  )
7 026
7 027
7028
7 029
7030
703 1
7 032
7033
7 034
7035
7035.3

Area ( ftz )
22

218
579

1r051
1 ,  578
1r89{
2  1245
2 ,576
2  t 914
3  t278
3 ,390

VoI ( ft3 )
0

120
399
8L5

1,  315
L ,736
2 t O ? O
2 ,4LL
2 ,?45
3r095
1 ,  000

cumulative
vo l .  ( f t3  )

0
L20
s19

1 ,  334
2  ,648
4  ,384
6  t 545
I ,  864
11 ,609
L4  , 7  05
15 ,  705

Maximum volume below the energency spillway is 15,705 cubic
feet. The reguired volume for the 10 year 24 hour storm event is
I,511 cubic feet. Therefore, the structure wil l  contain the
required stor:m event.
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o
Outlct Struetures

The  p roposed  ou t l e t  s t r ue tu res  w i I l
an eme rgeney sp i  I  lway i  n the f  orrn o f
ehanne l .  The  d imens ions  o f  t he  channe l

The combined out le ts  nust  pass the

c o n s  l s t  o f  a  {  f r  d e c a n t  a n d
a  t a p e z o L d a l  r l p - r a p p e d

a r e  s h o w n  o n  p l a t e  7 - 6 ,
25 Year  5  Hour  s to rm.

Outlet Ca1eulatlong

Dra lnage  a rea  =  2 .L  ac res
Runo f f  CN  =  90
T ime  o f  Concen t ra t i on  =
D is t r i bu t i on  =  SCS Type
Pond  a rea  =  0 .09  ac res
Prec  i p i t a t  i  on  ,  25  Yea r

F ron  Tab le  4 - l  (  SCS TR-55  )  ,  f r  -  0 . 222 .

l - /P  =  0 .1233

Un l t  D lscharge :

L o g ( O u )  -  C o

0 .09  h r s .
I I

6  Hou r  =  1 .8  l n .

+  C r l og (Tc )  +  Ca [1og (Tc ) l z

=  Un i t  peak  d t scha rge  ( csm/ l n )
=  T i rne  o  f  concen t ra t  I  on  (  h r  )

=  Coe f f i c i en t s  f r om Tab le  F -1  (SCS TR-55 )

csm/ i n .

9lher e :
Ou
Tc

C o ,  C t ,  C z

Ou =  1032 .36

Peak  D lseharge :

Qp =  Ou*A*O*FB

9fher e :
op=
0u=

A=
Fp=

0=

Peak  d l scha rge  (  c f s  )
Un l  t  d  l scha rge  (  csm/  i n  )
D ra  i  nage  a rea  (  qs  .  m i  .  )
Pond and swamp ad jus tment  fac tor

(  Tab le  4 -2 ,  SCS TR-55  )
Runo f f  f t 9 *  25  Yea r  6  Hou r  =  0 .93  c f s



Assumlng  the  pond  I s  f u l l
yea r  5  hou r  even t .  t he  wors t
ou t  l e t  w l  1  I  r ece  l ve  a  t o ta l
c l osed  )  .

FLOIdMASTER was used to
des  1gn .

a t  t he  t lme  o f  oeeu r rence  o f  t he  25
ease  scenar io  i s  t ha t  t he  emergeney

f l ow  o f  2 .09  c f s  (W l th  t he  decan t

check the adequacy o f  the out le t

24
T h e  a d e q u a e y  o f

H o u r  e v e n t  u s i n g

In let  Destgn

t h e  l n l e t  d e s i g n  r " a s  e h e c k e d
FTOTI},TASTER .

f o r  t he  10 Yea r

^
v



Trapezoidal Channel
Open Channel -

Analysis & Design
Unif ornr f loru

lforksheet Nane: POI{D C

Cornrnent: POND C INIJET

Solve For Depth

Given Input Data:

Bo t t om Wid th . ro , ,
Lef t  S ide S lope. .
Right Side Slope.
Mann ing ' s  t l . . . . . .
Channel  S lope.  , .  t
D i scha rgg . , . . .  .  .  .

Cornputed Results:

Dep th . .  . . .  .  . . .  .  .  .
Vg loc i t y . , . . , . . . .
F l o w  A r g a . . . .  .  o  r .
FIow Top Width. .  .
Wetted Perirneter.
Cr i t i ca l  Dep th" . .
Cr i t i ca l  S lope , . .
Froudg Number. . .  .

Open Channel Flow
Haestad Methods,

2 .00  f t
1 .50 :1  (H :V )
1 .50 :1  (H :V )
0 .033
o .2000  f t / f t
2 . 66  c f s

0 .  19  f t
5 .  03  fps
O .44  s f
2 .58  f t
2 .70  f t
0 .35  f t
o .  0263  f t l f t
2 . 57  ( f l ow  i s Supercritical )

Modu le ,  Ve rs lon  3 .3  ( c )  1991
Inc. * 37 Broo)<side Rd * Waterbury, Ct 06708



Trapezoid.al Channel Analysis & Design
Open Channel - Uniforn flow

Worksheet Nane: POND e

Comrnent: POND C OUILEE

So1ve For Depth

Given Input Data:

Bot tom Wid th .  .  . . .
Left  Side Slope. .
Right Side Slope.
Mann ing l t s  n . .  . . . .
Channel  S lope? . ,  .
D i scha rgg . . . . . . . .

Conputed Results:

Oep th . .  .  .  .  . . .  .  . . .
Ve loc i t y . . . . . . . . .
F l ow  A rga . .  .  .  .  . . .
F low Top Width . .  .
Wetted Perimeter.
cr i t ical  Depth. .  .
Cr i t i ca l  S lope.  .  .
Froude Number. ,. .

Open channel Flow
Haestad l{ethods,

5 .  O0  f t
1 ,50 :1  (H :V )
1 .50 :1  (H : v )
0 .033
o.3ooo f t / f t
2 .Og c fs

0 .09  f t
4 .7L  f ps
O  .44  s f
5 .26  f t
5 .31  f t
o .L7  f t
o .0297  f t / f t
2 . 86  ( f l ow  i s Supercrit ical)

Modu le ,  Ve rs lon  3 .3  ( c )  1991
Inc. rt 37 Brookside Rd * Waterbury, et 06708



References:

Haestad Hethods,  f  nc .  1991 .  F lowt las ter  I  User  's

Connec t  I  cu t  .

u .S .  so i l  Conse rva t l on  Se rv i ce ,  1986 .  U rban
l i l a t e r sheds ,  Techn i ca l  Re lease  55 .  Un i t ed
Ag r i cu l t u re ,  Wash ing ton ,  D .C .

Haes tad  He thods ,  I  nc  .  19  89  .  Ou ick  TR*55 ,
t {a te rshedg .  H ichae l  K .  G lazne r .  t i l a te rbu ry ,

Hanual.  9 i laterbury,

Hydro logy for  Snal l
S ta tes  Depar tmen t  o f

Hydro logy for  SmaI  I
Connect i  cut  .



SEDIMENT POND $D)'



Sediment Pond "D" Calculations

Sediment Pond "D" is designed to contain and treat the runoff for the Wild Horse Ridge
Blind Canyon Seam portal pad (Bear Canyon No. 3 Mine). The pond is designed to contain the
runoff from the 10-year 24-hour storm event in accordance with R645-301-742.220. The area is
shown on Plate 7-5A, designated as area AD-I8.

Soil Erosion to Pond $D"

Usethemodif iedUniversal  Soi l  Loss Equat ion: A:RxKxLS x VM

Ref: Israelson, C.E., J.E. Fletcher, F.W. Haws, E.K. Israelson, 1984. Erosion and
Sedimentation in Utah: A Guide for Control. Utah Water Research Laboratories.
Logan, Utah.

A - Amount of soil loss per unit area
R: Rainfall Factor
K : Soil Erodibility Factor
LS : Topographic Factor
VM : Erosion control factor: : 1.2 for bare, compacted soil

:0.1 for Seedlings, Brush

For Sediment Pond "D"

R: l6 ft-tonslacre/Hr. [Mean annual Rvalue from Figure 1, (Israelson et al, 1984)]
K : 0.1 tons/ Ao/EI (Israelson et al, 1984)

I J= 650+450s+65s2
10,000 + s2

.r*r

I - slope length
s: slope steepness

0 .2 fo r0<s< loh
m-  0 .3 fo r1<s<3Yo

0 .4 fo r3<s<5Yo
0 .5 fo r s>5

B. C. 7F-63 6/25/0r



(u) ursu-e 100 lb/ft3 unit soil wt.

To allow a 5 year factor of safety for sediment storage:

Sediment Volume :270 ft3

2 Peak design capacity

The pond is designed to contained the runoff from the lO-year 24-hour storm event. The outlet
structures will be designed to pass the volume from a25-year 6-hour storm event.

Drainage Hyd.
Area Leneth
AD-18 770

LS

0.70 1.2 t .34

r000 t0

Slope
s (%)
3 .16

P  :2 .1  i n .
P :  1 .8  in .

AU
(ft3 / vr)
ffi,

For Bear Canyon:

10 Year - 24 Hour
25Year - 6Hour

Curve Numbers: Disturbed Area - CN : 90

CN
90

S Qu (in)
l . l 1  1 .18

S t =

Area (acres)
0.9

f) = (r_. o.z$1
v P + 0.8.t

Area
AD-18

Total Runoff volume : 3,855 ft3
Total pond volume required for runoff and sediment: 4,125 ft3

The proposed structure is shown on Plate 7-ll. Following is the stage-capacity data for the
proposed structure.

3,955

B. C. 7F-64 6t2stOr



3 Stage - Capacity data

The following table presents the stage-volume data for the proposed structure.

Elev (ft)

7644
7 64s
7646
7 647
7648
7649
7 650
7 650.5
765r .5

Area (f\ Vol (ft'\ Cumulative Volume (ft3)

0
r25
463

1 ,109
2,159
3,779
6,195
7,724 Emergency spillway

42.20
208.65
467.98
82s.02

r,27 4.70
1,962.65
2,87 | .97
3,243.73
4,003.10

0
125
338
646

1,050
1,619
2,417
1,529

The maximum volume below the emergency spillway is 7,724 cubic feet. The required volume
for the 10 year - 24 hour storm event is 3,855 cubic feet, and the design sediment volume is 270
cubic feet, for a total design capacity of 4,125 cubic feet. Therefore, the structure will contain
the required storm event. The maximum sediment capacity while still allowing for capacity of
the design storm event is 3,869, which occurs near an elevation of 7649. To allow for an
additional volume safety factor, the maximum sediment level will be set at 7647, allowing a
sediment storage capacity of 1,109 ft3. The primary spillway (decant) will be installed I foot
above the maximum sediment level. atanelevation of 7648.

Sediment will be removed from the sediment pond in accordance with the plan presented in
Appendix 3-K as soon as practical after it reaches 60Yo of the max design volume of 1,109 ft' .

The 600/o Sediment Volume : 665 ft3
The 600/o Sediment cleanout elevation: 7.646.3

The decant elevation : 7.648

The volume above the decant : 5,565 ft3. .
l0 - year 24 -hour storm volume : 3,855 ft'

This will allow the pond to be decanted if necessary to a level to continue to allow for full

containment of the design storm event.

B. C. 7F-65 6/2510r



POND D
Stage - Capacity Curve

7651
7650
7649
7648
7647
7646
7645
7644

4000
Volume (cu. ft,)

B. C. 7F-66 6t25t01



4 Inlet Design

The adequacy of the inlet design was checked for the 10 Year -24Hour event using Peak and
F I ow m a s t e r software pro grams.

Area
AD-I8

CN
90

Area (acres) Slope Y(Yo) Hyd leneth (.ft)
0.9 3.2 771

Time of Conc.
0 .1  70

The following table summarizes the hydrograph and peak flow calculations for the watershed.
The Peafr software program was used to determine the peak flow.

PEAK
HYDROGRAPH GENERATION PROGRAM

INPUT SUMMARY FOR W.S.: AD-I8

STORM: WATERSHED:

Distribution : SCS Type'II'
Precip. Depth : 2.10 in
Duration : 24.00 hr

Curve Number: 90
Time of Conc. = 0.1700 hr
Area:0.90 ac

OUTPUT SUMMARY

Runoff depth: 1.1769 in
Initial Abstraction - 0.2222 in

Peak Flow: 1.03 cfs (1.1313 iph)
A tT : l 2 .53h rs

The inlet consists of a riprapped channel from Ditch D-16D (Plate 7-lG) into the sedimentpond.
Following is a cross-section of the inlet and the ditch calculation output. The inlet design was
evaluated using Flowmaster.

B.  C. 7F-67 6l25t0r
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1 ;
I

Pond D Inlet cross-section

-

n < l
U . J

\],

<_ lt _--

The slope of the channel inlet is l'l3' : 0.33.

With a peak flow of 1.03 cfs, the resulting depth of flow:0.14 ft.
The resulting velocity = 6.62 fps.

To prevent erosion, a grouted riprap will be used to line the inlet.

B.  C. 7F-68 6l2sl0r



Worksheet
Worksheet for Trapezoldal Ghannel

Projcct Dcccrlpton

Worksheet
Flow Element
lrrethod
Sotve For

Pond D lnlel

TrepGzoldal Channc
Mannlng's Formula

Ohannel Depth

Input Data

Mannlngs Goefficienl 0.030

Slope 0.330000 fi/lt
Left Slde Slopc 1.00 V: H
Right Side Slopc 100.@ V: H
Bottorn Width 1.00 ft
Discharge 1.03 cfs

Results

Depth
FlowArea
Wetted Perimetel
Top Width

CriticalDeptn
CriticalSlope
Vetocity
Vclocity Hcad
Specific Energy
Froude Numbcr
Flow Type

0.14
o.2

1.35
1 . 1 4
0.30

0.029640
6-70
0.70
0,84
3.?2

Supercdtlcal

ft
fr!
fr
ft
ft
ftm

fUs
ft
ft

Notes: Grouted Riprap

c : Urec$a illtfiiibaar canyon.fm2
O|'/OztOl O4:01:01 PM O Haestad MGthod!. lnc.

C. W. tlnlng Gornplny
37 Brookcidc Road Waterbury, CT 0€ZOO USA

Projcd Engineer: Charles Reynotds
FtowMasrer v€.0 [51abJ

(2O3) 7s5-r668 Page t of t



5 Outlet Design

The proposed outlet structures will consist of a 4" decant and an emergency spillway in
the form of a tapezoidal rip-rapped channel. The dimensions of the channel are shown on
Plate 7-ll. The combined outlets must past the 25 Year - 6 Hour storm.

Outlet Calculations

Drainage area: 0.9 acres
Runoff CN : 90
Time of Concentration:0.1700 hrs.
Distribution : SCS Type II
Pond area: included in drainage arca
Precipitation,25 Year - 6 Hour: 1.8 in.

The table below shows the calculated peak flow which must pass through the two outlets:

PEAK
HYDROGRAPH GENERATION PROGRAM

INPUT SUMMARY FOR W.S.: AD-18 Pond Outlet Design

STORM: WATERSHED:

Distribution - SCS Type 'II'

Precip. Depth : 1.80 in
Duration = 6.00 hr

Curve Number: 90
Time of Conc. : 0.1700 hr
Area: 0.90 ac

OUTPUT SUMMARY

Runoff depth : 0.9258 in
Initial Abstraction - 0.2222 in

Peak Flow - 2.07 cfs (2.2781 iph)
At T = 3.22hrs

Flowmaster was used to evaluate the emergency spillway. Based on the following calculations,
the emergency spillway will pass the entire flow from the 25 year - 6 hour event. Therefore, the
outlet designs are adequate.

The resulting flow velocity : 8.04 fps, so 6" m.d. riprap will be used in the outlet.
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Worksheet
Worksheet for Trapezoldal Channel

Project Description

Worksheel
Flovrt Ehrnent

Method
Solve For

Pond D Outlet

Trapczoidal Channe

Mannlng's Formula

ChannelDepth

lnput Oata

Mannings Coefficbnt 0.030

Slopc 0.330000 ft/ft

Left Side Slopc' 0.75 V: H

Raghl Slde Slope 0.75 V: H

Bottom WlJth 1.00 ft

Oischarge 2.OT cE

Results

Depth
Flow Arcr

Wetted Perlmetet

Top Witlth

Critical Depth

CriticalSloPe
Velocity
Velocif Head

Speafic Energy

Froude Number

Flow Type

o-20
0.3

1.67
1.54
o.42

0.022881
8 . 1 2
1.03
1 . n
3.52

SupcrcrlUcal

fr
ftr
ft
ft
ft
ft,n
l?s
ft
fr

Notes: Riprapped Channel
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Protection From Rapid Drawdown

In accordance with R645-301-553.300, Sediment Pond D cross-section A-A' (shown on Plate 7-

I 1) was analyzed for rapid drawdown stability. The analysis was conducted using a software

program called SBSLOPE, released by the Office of Surface Mining.

The input data for the program was reviewed with Wayne Western, engineer for the

Division of Oil, Gas & Mining. The program is not capable of printing the output, so the output

results were visually confirmed by Wayne Westem. The analysis resulted in a minimum safety

factor of 1.36, which is greater than the required factor of 1.3.

B. C. 7F-72 6lzsl0r
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